Recherche sytématique de quasars dans les grands sondages du ciel et application à l'étude de corrélation dans le milieu intergalactique by Coppolani, Franck
Recherche syte´matique de quasars dans les grands
sondages du ciel et application a` l’e´tude de corre´lation
dans le milieu intergalactique
Franck Coppolani
To cite this version:
Franck Coppolani. Recherche syte´matique de quasars dans les grands sondages du ciel et
application a` l’e´tude de corre´lation dans le milieu intergalactique. Astrophysique [astro-ph].
Universite´ Pierre et Marie Curie - Paris VI, 2006. Franc¸ais. <tel-00127046>
HAL Id: tel-00127046
https://tel.archives-ouvertes.fr/tel-00127046
Submitted on 28 Jan 2007
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 	


  ﬁﬀﬃﬂ  !#"%$ & "'$()*+,
&(.-( /0 1))-(&( 324-(&(+1) &($ 5!0/
5 +6(67/#!#89!024- : /	;<ﬀ5$(& & =2)>>ﬀﬃ/# >!024-
&()-( /0 ﬂ !#/#!0$ !#-?>>14./#)@!#"'$
A B9CEDGF
HJILKNMPORQSTKNOUORSVMLWYXZSTORQXJO\[]OU^<_`QJWaYORbdcJIPOe^<fYf<g
HhW<XJIi[kjlWYcZSPONQSTm]WYQ*nJX
o*p#q<rptsvuZrEwyxz|{~}ﬁxsr>\xŁsvsvx>xrE uJsxesxﬁUuJseﬁ

HKNRm<[]m]SPKd

MLSPIPWYQZWYbEm]OGORS

M|STILWYHJŁMPmXJO
HJ<I

IT<QJ* i¡£¢¤¢¥¡G¦
¨§ª©
MPWYXJM	[dIPONMLHhW<QJMT<cZm[m~STK¨nZO
¢«STIPm]*¢¤¬®­
©
­V¯Y¬
§
OS¨ °KRnJIPm]£¦y¬¥±¨¡£²	³
´VµZ¶ﬁ·yµ¹¸º]»º]µZ¼½0¾À¿¾hÁRÂÄÃ
¢«STIPm] ÅWYmMLMPK
 ÆÇSPJONILmQJO Å°WYm]MPMLWYQ
È
W¹nJILmÉYW
©
cJÇS ÊiËÌÌÎÍÏÑÐÓÒÔ¹Ï
È
WYMPORI ¢ÕOR[[]W ÊÆËÌÌÎÍÏÑÐÓÒÔ¹Ï
¢«STIPm] ¢ORSPm]S×ÖLON<Q Ø£ÙÚÏTÒÛÐÜÒÔŁÏ\ÝŁÒ£ÐÚÞÎßàÒ
¦y<XJILONQS á¨mÉ<IPWYX¹â
ã
äÓåÓæçåÓèå¥éÎêë °äÓåÓìÜíîïðYäÓæòñÇè	éióõôNìÓæòä
ö÷ø
æòäÑù
ø
é` ì|ôNúví\ûü
YýTþUó0ôNìÓæòä

 È
ONbONILNm]ONbONQSTM
 	
ﬀﬁﬃﬂ "!ﬃ#$ %&%ﬁ
('*)+ﬂ,	
ﬁ-/.0.12
34ﬂ/56278ﬁ
9
3:76;<
ﬁ->==9ﬁ
ﬁ
('2'?' @,5

A=ﬂ>ﬁ
04B%ﬀ:ﬁ27CD4:-/278'2'?'?76;FEG2H"
B4ﬁ-C
ﬀ::7I78;J(2K-/ﬀ&'A
LIM
KE&?7
N
	ìÜAO£TìPTæòiåÜíèåJQòRO£íé:STSTS
U
íæHPTæ8Q~ô	äÜTè>QòîŁôNúv°ñèæ¹¤(PäÜäÓæçåÜTì|ôVîŁôäÕèUîŁôäÜä|ôNúvîŁôNì	QêëíìÓúôNÆéVPTäÓèìÜ
ñÇètêëäÓåBO£í äÓèîJTìﬀWÇæòä|Tèìé\åÓïYXäÜ:STSTS
N
êëZôNú5XTìÜ
ø
æòTäﬀ[ìÑù+OUôNæòä\PUtêëäÜåñÇèUîJíèì
OGæòTèZ@TÇå|ô"O£Tì]Qòä\é
ø
èåÜä`éEìÜAO£TìPTæòAO£TåÜä ñÇè\^ÓÀéíæòä`_>óõôNåÓìÓæHP9aÄóõTåÓæçå^ÓÑôNbS
c
íèåiéÎê ô
ø
íìÜéîJíèìdO ê ô(Wvíæçì	ôP(PTîåÜ¨TEå|ôNÇåÆñÇètêëTåÓèéYæ~ôNåÆîJíèìVQòäÓå|ôNúvé$e3é
fhg
 ùîèæòäõîJíèì*O ê ôWvíæçìOGæòähäÓèìiPÕîìÜí"^ Tå0é«åÓïYXäÜ:S
c
íèåyôNèBQòíúÆé3PAQTQòjkPTæYæTQ/O ê ô
ôP(PíOGîŁôNúù¹úèæòé	Tå<PíäÜTæTQTQò:S
g
å<P,^ èäÜñÇètêl_1Q~ô0enm4STSTSpo íqæTQhôNèì|ôGTíìﬀO£AO£Tå
ôNîîJíìÓåÜ¥ôNè£åÜZYåÜ¤ñè,Wvíèä	QçæçìÜAr5S
ã
Q¹ôNèì|ôRPíä|ôPTìÜ®è¤úì|ôNé¤îŁôNìÓåÓæò¤é¤ä|íGåÜAOGîä
_¨äÑê ôäÜäÜèìÜTì¤ñè$PTåÓåÜ	åÓïYXäÜiäÜÆîŁôäÜäÜ
ø
æòTtùŁTå^ hQêëTìÜAO£TìPTæò:S
N
VO£°éíæòä,_sQ~ôhtÚíæòä«é¥ìÜAO£TìPTæòTì<u«éYìÓæHPhvtéíèZÎùCO£ídäÓèîJTìﬀWÇæòä|TèìÑù OxwAO£°äÑê æTQ
tê ôNæTO£îŁôä3wTåÓìÜ°ôNîîZAQòVPíO\O£VPAQ~ôYù<Tå	Qçèæ¹îìÜäÜTåÜTì,O£äZ>PTèäÜäS
ã
Q6O ê ôRQçèæJôNèäÜäÓæ
ôP(PíOGîŁôNú£TåRPíäÜTæTQTQò¨îJTéôNå$QòäiéTèZ*ôNäiñèV^ê ôNæ#îŁôäÜäÜ¨ôNènuÕïæTQçæùyOUôNæòä
TUî>Qçèä«æTQ6O ê ôªôP(PTèTæTQTQçæùP¥éíÇå+^Ó¤tê ôNæZîŁôä«äÓèFQòìÜAO£TìPTæòTìPíìÓìÜ(PTåÜAO£TÇåS>zETìPTæ{_
u«AQçæçÆîJíèì¤äÜä,OVè>QçåÓæçî>Qòä¥ìÜAQò(PTåÓèìÜä¥ôGe éÎêëAQçæTOGæçTì¤åÜíèåÜä,tôNèåÜä®éRPhO£AO£íæçìÜ
mä|ôNèt#é$PÆîŁôäÜä|ôNúviñÇèættê ôNèì|ô¨îŁôä¥TåÜiìÜAQçè6oS
ã
QtäÓå¤åÜíèåôNèä|äÓætŁôNåÓèìÜAQîJíèì|O£íæhéÎê ôéYìÜä|äÜTìJO£ä¤ìÜAO£TìPTæòAO£TÇåÜäR_x}ÇìÓæ~ôNŁôNé
~
ôNúïÇèŁôNåÓïŁôNtù¤ôNæçäÓæÆñètêl_>äÜíÄTåÓèéYæ~ôNÇå¥è>OuÕïŁôNéÄîZíèìQòTèìdôP(PTèTæTQhQòíìÜädé
O£í äÜ^Óíèì®T
ã
é:S
N
ÆìÜAO£TìPTæò	ôNèäÜäÜæ
N
ôä^ TåV}Çæçúï®ôNú:Q~ôîJíèì®äÜíôP(PTèTæTQ{QòíìÜä
é$Qêë(PíQò\_xQ~ôñèAQTQò<^Tê ôNæ0ôäÜäÓæòäÓåÜ0_£ VQTQ~ôNïŁô
ø
ôé{S6zÀTìPTæ_
f
ôNæòAQTQò¨ <QTQòíæçÀTåh_FõAQçæZ
zEæçì|ô
ø
AQùÑTåi_ åÓì|ô(WvTìÜäõTè$Qê
g
}>uÕïæTQçæùÑîJíèìbO ê ô(Wvíæçì#ôP(PTèTæTQTQçæÇTåõôP(PíOGîŁôNúÕéYèì|ôNÇå
éTèZ3ôNä&S
N
ê ôéYìÜäÜäÜGTúô"QòAO£TÇå$O£äiìÜAO£TìPTæòAO£Tå0_dóõôNåÓìÓæHP9aI íæòäÜä|ªîJíèìRPä
PíäÜTæTQòä¥ôNèQòíúUéhOUô¨åÓïYXäÜ	Tå®îJíèìôWvíæçìôP(PTîåÜ	éiìÜAQçæçìÜ$P$O£AO£íæçìÜ:S
g
eŁ^ ÀìÜAO£TìPTæò
~
íäÜTì`óhAQòíîJíèì]O ê ô(WvíæçìÀôNæòéﬁôNè5é
ø
èå éPTåÓåÜ*åÓïYXäÜ
TåVéFO ê ô(WvíæçìBtíèìÓæçå$QòDPíÇé£ìÜAO£íÇéAQò\éÎê¥ð<îZTìﬁ ôNæçäÓæÕñÇèGîJíèìªô(WvíæçìGôP(PTîåÜ
éÎêwTåÓìÜÆì|ôNîîJíìÓåÜTèì¤éVOUôåÓïYXä|:S/zÀTìPTæb_
~
í<éYìÓæçúví
ã
ø
ôNå|ôîJíèì®ôWvíæçì¥ôP(PTîåÜiéÎêwTåÓìÜ
ì|ôNîîJíìÓåÜTèìéJPTåÓåÜ®åÓïYXäÜ:S:zÀTìPTæ6_$u ôNåÓïTìÓæçV«íæòä|äÜíGîZíèìyä|äPíO\O£Tå|ôNæçìÜä«äÓèì
QòÆåÜZYåÜ	éRPRO£AO£íæçìÜVñÇèæ{QêëíåTìÓæHPÜïæS
ã
Q>tôNèåéYæçìÜ¥ñÇètê è¤åÓïYXäÜ¤¤äÜ®ìÜäÓè>O£¥îŁôäyèæòñÇèAO£Tå®ôNèZGïTèìÜäîŁôäÜä|äÕôNè
Q~ô
ø
íì|ôNåÜíæçìÜùT\tôP¤é¤äÜí\(PTì|ôN\éÎêëíìÜéYæçŁôNåÜTèìS>u°êëäÓåÕôNèäÜäÓæ
ø
ÑôNèYPíèî\é¤ìÜAQ~ôNåÓæòíä
ïè>OUôNæçäùZTåÆô(Wv(PBQòäéYæÎTìÜTåÜäiTéYìÜíæçåÜäÆíqF^Tê ôNæhîèO£VìÜTéYìÜù6PAQ~ôxtÚôNæçå°éªñÇèíæ
(PTìÓæçìÜªèEìÜíOUôNbS
g
åÆéôNäVP0PÑôäÑùﬃQê æTOGîZíìÓå|ôNYP¨éBQêëíìÜéYìÜéôNäVQòñÇèAQõíÀìÜAO£Tì4j
PTæò°tê ô¨ñèîJTèå éiäÜæçúæeﬃPÑôNåÓæòí äÜAQòí`O£íæùOUôNæòä|PíO\O£ÆæTQ6tôNèå
ø
æòT]PíO\O£TYPTì
ñÇèAQòñè«îŁôNìÓåy^Ó3PAQ~ôäÜä|Tì|ôNæPä0ìÜAO£TìPTæòAO£TÇåÜäîŁôNì#íìÜéYìÜ®éQòTèìyôNîîŁôNìÓæçåÓæòíD_VQêë(PTì|ôN
éROUô0W<æò:S
zÀTìPTæ|_OUôOxXTìÜdîJíèìeîŁôä£ôWvíæçìGåÓìÜíîOUô"Q®îìÓæòä1QòDtôNæçåéO£`Wvíæçì¨îŁôNìÓåÓæçìF_
Qê ôNèåÓìÜ
ø
íèåiéYèO£íéùJîZíèìÆäÜí3äÜíèåÓæòTå	TåÆä|ôUîŁôNåÓæòTYPGTådwTåÓìÜ0WvTÇèW<æòäÓæçåÜTìhQò
uÕïæTQçæhôWv(PRO£íæS
zÀTìPTæ_G ®éQ~ôNEîZíèìVO ê ô(WvíæçìdO£íåÓæTWv0_¨îŁôNìÓåÓæçì°Tå¥VîŁôäJO ê ô(WvíæçìÆíè
ø
Qçæò$OUô"QçúìÜBQ~ô
éYæòäÓå|ôNYPù¹îZíèìdwTåÓìÜsWvTÇèF^ èäÜñÇètê ôNèIuÕïæTQçæõîZíèìVO£	ìÜTéYìÜBWÇæòäÜæçåÜùYO ê ô(Wvíæçì	ôNîîJíìÓåÜ
Qòä
ø
í`ú NåÜÑôNèZ é	ä|ô0OUô"OUôNtùTå¤îJíèì|O ê ô(WvíæçìVQòíúåÜAOGîäJtÚíèìÓætTOªèäÓæòñè:S
zÀTìPTæ8_BzÀôNÇè\îJíèì«ôWvíæçì	tôNæçå	QòVWvíÑðôNúv	^kèä|ñètê ôNè]uÕïæTQçæZTdä|ôPÜïŁôNÇå îZTìÓåÓæçAO\O£TÇå
þñÇèRPiiäÜTì|ôNæçå¤îŁôä|QòsPAQçè
ø
zEé{STSTS
zÀTìPTæ*_ ÆTèåÓïEîZíèìJO ê ôWvíæçìæçCWÇæçåÜB_£äÜí]OUôNìÓæ~ôNúvùZäÓæçú	ñÇèROUô"QçúìÜ$Q~ô£éYæòäÓå|ôNYP
^ÓÆtêëTå|ôNæòä¤îŁôä¤äÓæ{QòíæçbS
zÀTìPTæ_FO£í*ŁôNæç3îìÜtTìÜîJíèìiäÜíÀä|íèåÓæòTIPíäÜå|ôNåÑùJîJíèìÆä|ä
ø
íähPíäÜTæTQòäiTå
îJíèìÕô(Wvíæçì3tÚôNæçå	Qò|WvíÑðôNúv^kèäÜñÇètêëTU VO£TìÓæòñèéYè}ÇèéÎù P|tèåyèJtíèåÓèô(WvTåÓèìÜ
ã
QÎíèä®ìÜäÓåÜ	TYPíìÜRQ~ôx«íQçæTW<æò:S
zÀTìPTæ_
ø
æçO£\îJíèìBwTåÓìÜ£ìÜäÜåÜFO£í
ø
æçO£ùîJíèìVtê ôWvíæçìì|ôNåÜeôNèYPTè,éFO£ä
ìÜTåÜíèìÜäÑùÇTåyîZíèì	QòäO£íO£TåÜä«ñèJQêëíeôÆìÜTèäÜäÜæﬃ_ÆîŁôNìÓå|ôNúvTìÑùTYPíìÜ¥è|tÚíæòäOUô"QçúìÜ
Q~ô¨éYæòäÓå|ôNYP:S
zÀTìPTæ+_
N
thîJíèì¥ô(Wvíæçì¤TåÜ	ô
ø
äÜTÇå<_BP|ïŁôPTèédO£ä®ìÜTåÜíèìÜä®Tì|ôNYPhOUôNæòä®îJíèì
ô(Wvíæçì ìÜTèäÜäÜæy_BwTåÓìÜ°ôNè`óõTìÜíè`TDOxwAO£°åÜAOGîä ñèVO£íæù<îZíèì äÜä«éYæòäPTèäÜäÓæòíä TåQòä
äÜíæçìÜä®îŁôNìÓå|ôNúvä&S
g
åJO£TìPTæîZíèì¤äÜíŁíìÓè>O
zÀTìPTæﬃ_ 	ÕT\Tåy <QòZ¨îZíèìôWvíæçììÜTèäÜäÜæﬃ_ÆíìÓúôNæòäÜTìQòTèìOUôNìÓæ~ôNúv¤T\OxwAO£¤åÜAOGîä
ñÇè|PAQçèæŁé
 ÆTèåÓïtù:O£TìPTæŁîZíèìÕôWvíæçìTåÜ®îìÜäÜTÇåQòíìÜäé,O£äîŁôäÜä|ôNúväyTxì|ôNYP:S
zÀTìPTæ<ôNèZ¥æHPí¤îZíèì*QòäbO£íO£TåÜäõîŁôNìÓå|ôNúväõTåbQòä*O£íO£TåÜähì|ôNåÜäÑùÑîJíèìbQòäPíäÜTæTQòä
éRQê è TåJQòä<Píèîä¥éÆúèTè>Qò	éRQê ôNèåÓìÜ:S
zÀTìPTæV_ÀúèúvTåÓåÜ îJíèì\Qòä\QòíúväxO£íO£TÇåÜä\é`éYæòä9PTèäÜäÓæòí îJíèì£äÜäxPÑôNìÓåÜä\Tå£äÜä
TYPíèì|ôNúvAO£TåÜäùO£TìPTæ®îJíèìUô(WvíæçìUô"O£T`äÜí
ø
æçO£0^ èäÜñÇètê ôNèŁuÕïæTQçæSzÀTìPTæ<_
ó0ôNåÕîJíèì«ôWvíæçì ô"O£T¥úèúvTåÓåÜ^ èäÜñÇètê ôNè`uÕïæTQçæù5O£TìPTæZîJíèì	QòTèì	W<æòäÓæçåÜTåyîZíèì3QòTèì
ô"OGæçåÓæò:S
zÀTìPTæ{_1®ôäÓåÓæòTdîJíèì|Pä|PíäÜTæTQòä¥ô(W<æòäÜä®Tå îJíèì®ôWvíæçì®åÜíè^ íèìÜä¤ìÜTîZíéYè`îìÜäÜTÇå
QòíìÜäÜñÇè^Tê ôNæhTè
ø
äÜíæç éÎê èPíèîéROUôNæçbS

£åÓìXäyåÓìXäúì|ôNéxO£TìPTæŁîJíèì
g
O\OUôNÇèAQùYä|ôdtÚAO\O£
g
Qçæòä|ô
ø
TåÓïUTå3QòTèìéTèZ\eYQTQòä
z3ôAQçð<ä¤TåhéYæçùîZíèì<QòTèìôP(PTèTæTQTåJQòTèì¥ä|íèåÓæòTQòíìÜä¤éRO£íä|^ íèì¤T
ã
é:S
zÀTìPTætîZíèì|QòTèìäÜíèåÓæòTåÑù¹Tå|QòTèì¤ïíäÓîæçå|ô"QçæçåÜ:S
zÀTìPTæ*_yèìÓæhTåd_FJôGtÚôNìÓå¥îZíèìôWvíæçìîŁôNìÓå|ôNúvVå|ôNå°éiìÜTîŁôä¥T
ã
é	TEåÜíèåÜ$PTæçì4j
PíäÓå|ôNYPä
zÀTìPTæ*_10AQçæZeîJíèì¥äÜä,Oªè>QçåÓæçî>QòäVPíèîäéhOUôNæçbS
zÀTìPTæ*_x}ÇðCQTWôNæç`îJíèì¥äÜíPíèî îJíèYPVôNèuÕïæTQçæS
zÀTìPTæhôNè`îìÜAOGæòTìäÜíèìÓæçìÜié$OUô
ø
AQTQò:S
zÀTìPTæi_U <QòäÜäLôNéYìÜíUîJíèì<O ê ôWvíæçì	äÓæ
ø
æòT*ôP(PTèTæTQTQçæõTå°îJíèì°ä|ô£îìÜäÜñÇèsPíäÓå|ôNÇåÜ
ø
íiïè>O£TèìS
zÀTìPTæ	_`u ôNìﬀQ~ôeîJíèì	ô(Wvíæçì	îŁôNìÓå|ôNúv\z	
ø
èìÜÑôNè*îJTéôNåiîìÜä|ñèGéTèZ*ôNäÑù
îJíèì®åÜíèå,Pä¤æçäÓå|ôNåÜä®îŁôNìÓå|ôNúväùYïTèìÜTèZdíè]O£íæçä®ïTèìÜTèZÎù>PÆñèæÎìÜäÜåÜVWôNèå|Qò
éTåÜíèìS
zÀTìPTæ_]}ÇåÜTîïŁôN¨îJíèìiäÜädQòíúèä	éYæòäPTèäÜäÓæòíäùŁîJíèìiäÜíﬁôNæòéùZä|ädPíä|TæTQòäÑùJäÜä
Píèîä°éiúèTè>Qòù¹ä|íEôNåÓåÜTåÓæòítùJäÜí ïÇè>O£TèìÑù
ø
ìÜtO£TìPTæõéÎêwTåÓìÜ$QçèæõTåéÎê ô(Wvíæçì°TåÜ
Q_S
zÀTìPTæ+_1vÎæçéôGTåhQ~ôNèä®îJíèì|QòTèì¥ôP(PTèTæTQTå|Qòä
ø
íä,O£íO£TåÜä¥îŁôäÜäÜä®TäÜAO
ø
Qò:S
zÀTìPTæ*_xu3Q~ôNèéYæòíGîJíèì¥ä|ô
ø
íiïè>O£TèìS
zÀTìPTæ*_1 (Pa<ð\îJíèì¥äÜí äÜíèìÓæçìÜùŁäÜíôP(PTèTæTQTå¥äÜí ä|Tä¤éRQê ïíäÓîæçå|ô"QçæçåÜ:S
zÀTìPTæ_`ó0ôäPÑô"Qò\îZíèìVä|í>ïè>O£Tèì1PÜïŁôNúvÑôNÇåÜdéYè^ÓíèìªôNè QòTéAOUôNæçtùhîZíèìªäÜä
tÚíèä®ìÓæçìÜù>Qòä|O£íO£TÇåÜä¥é	éAQçæçìÜùésPíQHXTìÜùé$PíèîéÆúèTè>Qò:S
zÀTìPTæ,_°ôNäªîZíèì0O ê ô(WvíæçìGäÓèìÓíO\O£ OGæçúïåðnOGæçúïÇå×ðtì|ôNYPaùO£TìPTæÕîJíèì
Qòä|O£íO£TÇåÜäéRPíOGî>QçæHPTæçåÜäÑùŁæTQòä®iåÜíO
ø
TìÜíÇå¥îŁôä¤éôNä<QòÆÑôNåS
 í$PÜïŁôNYP0_¨óõôä|ñèæòTìÑùy}ÇåÜtÚôN TåÆìÓæòäÜåÓæç îZíèì|QòTèì¥îŁôNìPíèìS

eúì|ôNéO£TìPTæ+_VåÜíèå|Qòä«úvTä®é
U
æçå|ôPTèìÓì|ôYùéhvô\}ÇæTQTQ~ô¨Tå«éÆó0ôNì|ôNŁô"Qhô(Wv(PiñÇèæ
ü^ê ôNæõîŁôNìÓå|ôNúvGñÇèAQòñÇèäæçäÜå|ôNåÜäÑùJîŁôNì4tÚíæòä°îŁôäÆúì|ôNéPÜïíäÜù8OUôNæòäiñÇè<^Óªtêëíè
ø
QçæòTì|ôNæ
îŁôäS
zÀTìPTæ*_
g
Qçæòä|ô
ø
Tå¤îJíèì|O ê ô(Wvíæçì<Q~ôNæòä|äÜiä|ôî>Q~ôP	éôNä<QòäJPÑô(WväéhQê
ã
 °ó*S
zÀTìPTæ*_
~
íÇéYTðeîZíèìÆô(WvíæçìÆôNîîZíìÓåÜVè îZTèEéVäÜíQòTæTQ
ø
ìÜäÜæTQçæòTEéôNäVQòä<PÑô(Wvä°é
Qê
ã
 óS
zÀTìPTæy_ Æè>OGæTavíîZíèì¤ô(Wvíæçì åÜíQòTìÜdOUôVîìÜäÜTYPÆéôNä3Qò
ø
èìÜÑôNèdîZTéôNÇå,Q~ôRe`é
Q~ôåÓïYXäÜ:S
zÀTìPTæ|_u ô"QTW<æçTå1°í
øø
ä¨Tåx_QòTèì\PTìÜÑôNåÜTèìx«æTQTQ

ôNåÓåÜTìÜäÜíîJíèì0O£íO£TÇåÜä£é
éTåÜTåÜªí"JTìÓåTåÓìÜ	éTèZ]PÜïŁôNîæçåÓìÜäS
zÀTìPTæ*_1«ì|ôäÜäÜTäÑù>®ôNèéAQ~ôNæçìÜVTå
ø
æòTEéÎê ôNèåÓìÜiîZíèì<QòTèì¤îZí<äÓæò:S
zÀTìPTæÎôNèZeîæòäPíGäÜíèìÑùôNèZPÑôNîæçìÓæçŁôYù¹ôNèZs^ èä«éVtì|ôNæòäÜäÑùCtì|ô"O
ø
íæòäÜäÑùYîyw(PÜïäSTSTSY_BQ~ô
ä|ô"Qòä|ô¨Tå¥ôNèåÓìÜäVPíOGîŁôNúíäéiä|íæçìÜBuÕïæTQçæòT:S
zÀTìPTæõôNèäÜäÓæi_\O£íQ~ôNîåÜíîÀéÎê ôWvíæçìåÜTÇèQòªåÜAOGîä¥(Pä|ä|ôNæçìÜB_FPTåÓåÜVåÓïYXäÜùﬃOxwAO£
äÑê æTQYäÑêëTGäÓå*tÚô"QTQçèîŁôNì4tíæòä#é«îJTèbSTSTS/mK^ÓPTìÜíæòäÜ TYPíìÜ,QòäõéíæçúåÜäyôNè0O£íO£Tåyíèd^êë(PTìÓæòä
PTåÓåÜRQçæçú&oS
STSTSTSvTå	O£TìPTæŁTYPíìÜV_su«AQçæçùäÓæTOGî>QòAO£TåÑù<AQTQò¤ä|ôNèì|ôÆîJíèìÜñÇèíæùA^ <PíOGîåÜ
ø
æòT
Qçèætì|ôNîîJAQòTì¤åÜíèåJQòäi^ÓíèìÜäS

 7/0 &ﬃ ﬂ  ! 
 
¼Z»ÑÁNµÎ½õ¾»ºµ¹¼

	
ý:Sçý vtOGæTQçæòTè=æçåÜTìÓúô"Q~ôPTåÓæòñÇèù¤äÜíÄïæòäÓåÜíæçìÜù®äÜí TåÓèéI_åÓì|ôWvTìÜä]Qòä
äÓîZ(PTåÓìÜäéä¤ñÇèŁôä|ôNìÜä SRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?

ý:S  u«íO\O£Tå°ìÜ(PÜïTìPÜïTìdQòä¤ñÇèŁôä|ôNìÜä SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?Nþ
ý:S Sçý u«TåÓåÜ
ø
AQTQòÆïæòäÜåÜíæçìÜ	ñètêëäÜå|Q~ô¨ìÜ(PÜïTìP|ïªéiñÇèŁôä|ôNìÜäIS$SRS$SRS?ü
f
ä9PTìÓæçîåÓæòíéä¤ñÇèŁôä|ôNìÜäSS$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü
vtäJPÑôNå|ô"Qòíúèä°Z<æòäÓå|ôNÇåÜä¤é	ñÇèŁôä|ôNìÜäIS$S$SRS$SRSsSRS$S$SRS$SRS?vû
ý:S S  zETåÓïí<éäté0ìÜ(PÜïTìP|ïÕäÜèæTWôNÇåbQòätéYæÎTìÜTåÜäéíOUôNæçäõéÎêëTTì4j
úæò S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
 

~
(PÜïTìP|ïVéôNä|QòVéíOUôNæç	íîåÓæòñèS$S$SRS$SRSsSRS$S$SRS$SRS
 : 
~
(PÜïTìP|ïä<WvTÇèä¥éÎê ôNæTQTQòTèìÜä SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
 
ü
 
¸£¸ÑµZ¼½

¸U¾»ºº¸Ç¸`Ã´ﬁﬀﬃﬂ
 !
»
#"$ %'&
Sçý }
f
}>}SsSRS$S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
 ÷
Sçý:Sçý vô¨îïíåÜíO£TåÓìÓæòVéYè}
f
}>}S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
 ö
Sçý:S  (PÜïŁôNÇåÓæTQTQòíä°éYè}
f
}>} S$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þ
 ôä|s}ÇîZ(PTåÓìÜíäPíîæòñÇèRSRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þþ
 ôä|ió#ïíåÜíO£TåÓìÓæòñè SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þü
u ôNå|ô"QòíúèVéiñÇèŁôä|ôNìÜä$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þÇû
S  u
c
v*} S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þÇû
S Sçý  ÆTTì|ô"QçæçåÜä|j
c
ì|ôNæçåÜAO£TåÆTåôP(P(Xä¥ôNèZ éíä`SRS$S$SRS$SRS)þÇû
S S  ó#ïíåÜíO£TåÓìÓæòRj,u«íOGîŁôNì|ôNæòä|íEô(Wv(PsQòs}
f
}>} SRSsSRS$S$SRS$SRS)þ
ö
S
 
 ¥èåÓìÜäVPÜïŁô"OGîä¥í
ø
ä|TìﬀWväôNèui
c
SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü
% )
Á*¸

¼Z»Y»ºµ¹¼@½

¸U¶+»-,µÎ½

¸U½

¸-.

»ºµZ¼@½
ﬃ/
¾¸ÁN¸ 0
	
 
Sçý vtä¤îìÜíîìÓæòTåÜäéä¥ñÇèŁôä|ôNìÜä S$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?Yý
 
Sçý:Sçý }ÇîZ(PTåÓìÜ	T AOGæòä|äÓæòíéä¤ñÇèŁôä|ôNìÜäS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?Yý
f
íOUôNæç	ì|ôéYæòí S$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
ã
tì|ôGjìÜíèúv SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
 
f
íOUôNæç21 SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
 
îåÓæòñè	Tå®è>QçåÓì|ôGjW<æòíQòTåŁS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?Nþ
 
Sçý:S  vtä¥ô
ø
äÜíìÓîåÓæòíäéôNäJQòä¤äÓîJ(PTåÓìÜä¤éä¤ñÇèŁôä|ôNìÜä SRS$S$SRS$SRS?
}Çð<äÓåXAO£äJO£Tå|ô"QTQçæòñèä`SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
}Çð<äÓåXAO£ä¥éhQ~ô0tíìwTåJvtðCOUôNj
α
SsSRS$S$SRS$SRS$SRSsS$SRS$SRS?vû
vôNìÓúvä¤ì|ôNæòä¤éÎê ô
ø
ä|íìÓîåÓæòím  Vvo SRS$S$SRS$SRSsSRS$S$SRS$SRS?vû
 
S 
ã
ÇåÓìÜíÇéYèYPTåÓæòíI_1Q~ô¨äÜAQò(PTåÓæòíé	ñÇèŁôä|ôNìÜäBSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
ö
û
÷  
	 
 
S
 
f
æ~ôNúì|ô"O\O£ädPíè>QòTèì4jkPíè>QòTèìSRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS û<ý
 
S
 
Sçý vtRQòí/PTèä¤éä¤TåÜíæTQòä¥éôNäJQòä¤éYæ~ôNúì|ô"O\O£äVPíè>QòTèì4jkPíè>QòTèì S û
 
S
 
S  óhíäÓæçåÓæòíÀéä®úô"Q~ôGZYæòä¤éôNäJQòä¤éYæ~ôNúì|ô"O\O£äVPíè>QòTèì4jkPíè>QòTèì ûRþ
 
S
 
S
 
óhíäÓæçåÓæòíÀéä¤ñÇèŁôä|ôNìÜä¤éôNä|Qòä¤éYæ~ôNúì|ô"O\O£ädPíè>QòTèì4jkPíè>QòTèì ûü
 
S
 
S þ  <QçúvíìÓæçåÓï>O£äé	äÜAQò(PTåÓæòíéä¤ñÇèŁôä|ôNìÜä¤éôNäJQòB}
f
}>}SRS$SRS û
ö
ó#ìÜAOGæòTìô"QçúvíìÓæçåÓï>O£VéVäÜAQò(PTåÓæòíéYè}
f
}>} SRSsSRS$S$SRS$SRS û
ö
}<(Píé	äÜAQò(PTåÓæòíéYè}
f
}>} SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
÷

u«íèîZiéôNä<Qòä¤éYæ~ôNúì|ô"O\O£äVPíè>QòTèì4jkPíè>QòTèì SsSRS$S$SRS$SRS
÷÷
 
S
 
S ü u«íå|ô"OGæçŁôNåÜä°îJíäÜäÓæ
ø
QòäJ_\PÆåðÇîJ	éiäÜAQò(PTåÓæòí SRS$S$SRS$SRS
÷ö
 
S þ  ®éôNîå|ôNåÓæòíÀéiéYæòäÓåÓìÓæ
ø
èåÓæòíÀäÓîJ(PTåÓì|ô"Qò	éÎêëTTìÓúæò SRS$SRSsSRS$S$SRS$SRS
ö
ý
 
S þYSçý ¥æòäÓåÜíìÓæòñÇèiTå¤îìÓæçYPTæçîJ S$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
ö

 
S þYS  u«íOGîŁôNì|ôNæòäÜíÀôNèZ`éYæ~ôNúì|ô"O\O£äVPíè>QòTèì4jkPíè>QòTèìDSRS$S$SRS$SRS
ö

 
v»-,hµÎ½

¸Æ½

µ¹¶ﬁ·Á*º]¸µ¹¼ﬁﬀe½

¸°½0º¸»ÑÁºﬃﬂ0¾»º]µZ¼¸°¸Ñ·

»ÑÁ* 

¸i½  <¼

Á"!
Zº
 		
þYSçý ¥ð<îZTìﬁjÕèåÓæTQçæòä|ôNåÓæòíTå¥ñÇèŁô"QçæeﬃPÑôNåÓæòíéRQêëíèåÓæTQS]SRS$SRSsSRS$S$SRS$SRS°ýÑ


þYSçý:Sçý
f
ä9PTìÓæçîåÓæòíéYè]tÚíYPTåÓæòíAO£TåéÎêð<îZTìﬁS$SRSsSRS$S$SRS$SRS°ýÑ


þYSçý:S 
c
AOGî>Q~ôNåÜä S$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
Yý
þYSçý:S
 
êzÀô"avRPÑôNå|ô"Qòíúèê SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
Yý
þYS 
c
äÓåÜäTå¥äÜAQò(PTåÓæòíéäJPÑôNéYæòéôNåÜä S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ

þYS Sçý
~
(PÜïTìP|ïVéiñÇèŁôä|ôNìÜäRSRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ

þYS S 
c
äÓåÜä¤äÜèì|QòB}
f
}>}ISRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
Nþ
¥ð<îZTìﬁÀTåV}
f
}>} SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ

í éTåÜ(PTåÓæòíä S$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ

÷
 
ø
äÜíìÓîåÓæòívÎðCOUôNj
α
S$S$SRS$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýýÑ

óõôäéYè é(PÑô"Q~ôNúvVäÓîJ(PTåÓì|ô"QBS$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýýÑ
uÕïíæZdéä¥åÜAOGî>Q~ôNåÜä SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýý
 
f
(PÑô"Q~ôNúvVäÓîZ(PTåÓì|ô"QîZíèì|Qòä®åÜäÜåÜä S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýý
÷
uÕìÓæçåXTìÜä¥éiäÜAQò(PTåÓæòí SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýý
ö
°ôNåÓèìÜ	éä<PÑôNéYæòéôNåÜäFSRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
 
þYS S
 
}<AQò(PTåÓæòíäÓèìJQòsui
c
v*} SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
u ôNå|ô"Qòíúèä¤îïíåÜíO£TåÓìÓæòñÇèä SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑvû
}<AQò(PTåÓæòíSRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
÷
}ÇèæTWÇætäÓîJ(PTåÓìÜíäPíîæòñÇè$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
ö
þYS S þ u«íYPAQçèäÓæòí SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
 


0

º º

¾ º¼Z»

Á*  »º
/
¾
  %%
üSçý 
ø
äÜTìﬀWôNåÓæòíä S$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
 
þ
üSçý:Sçý íìwTå<vÎð/OUôNj
α
T í
ø
äÜTìﬀWôNåÓæòíSRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ý
 
ü
üSçý:S 
~
TúìÜíèîJAO£Tåéä¤ì|ôNæòä S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
 

üS 

OGæTQçæòTèîïíåÜí"jæòíæòäÜ S$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
 

üS
 
zEí<é>XAQòVôPTåÓèAQxS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
 
û
üS
 
Sçý vô0tÚíìwTåJvÎðCOUôNj
α
S$SRS$S$SRS$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ý
 ÷
üS
 
S  vyêëTìÓæHPÜïæòäÜä|AO£TåÆTO£Tå|ôNèZdéYèOGæTQçæòTè æçåÜTìÓúô"Q~ôPTåÓæòñÇèxS$SRS°ýTþ

üS þ
c
íO£íúì|ôNîïæòéYèOGæTQçæòTè S$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþ

üS þYSçý

åÓæTQçæòä|ôNåÓæòíEéÆîŁôNæçìÜä¥éiñÇèŁôä|ôNìÜä S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþý
üS þYS  èåÓèì¥éRQ~ôåÜíO£íúì|ôNîïæò$j	Qòä®úìÜíèîJä¤é	ñÇèŁôä|ôNìÜä S$SRS$SRS°ýTþý
   	   ö
üS ü
c
ì|ôNäﬀWvTìÜä|$PíìÓìÜAQ~ôNåÓæòíæç åÓïRvtðCOUôNj
α
tÚíìÜäÓå SRS$SRS$SRSsS$SRS$SRS°ýTþü
üS üSçý
ã
ÇåÓìÜíÇéYèYPTåÓæòíSsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþ
üS üS  
ø
äÜTìﬀWôNåÓæòíä SRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþÇû
üS üS
 
¥è>O£TìÓæHPÑô"QäÜæTOVè>Q~ôNåÓæòíä S$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑü

üS üS þ
c
ï	í
ø
äÜTìﬀWvéPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíä S$S$SRS$SRSsSRS$S$SRS$SRS°ýÑüYý
u ô"QHPTè>Q~ôNåÓæçúDPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíä SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑüYý
c
ï	í
ø
äÜTìﬀWvé]QòíúæçåÓèéYæçŁô"QPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíSRS$S$SRS$SRS°ýÑü
c
ï	í
ø
äÜTìﬀWvé`åÓì|ôNäﬀWvTìÜä|$PíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíSsSRS$S$SRS$SRS°ýÑü
g
äÓåÓæTOUôNåÓæòíEí"t#TìÓìÜíìÜäSRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑü
 
üS üS ü u«íOGîŁôNìÓæòäÜíí"t#í
ø
äÜTìﬀWôNåÓæòíä°ôNé äÓæTOªè>Q~ôNåÓæòíäSsSRS$S$SRS$SRS°ýÑüNþ
}Çð<äÓåÜAOUôNåÓæHP	èYPTìÓå|ôNæçåÓæòäŁS$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑüNþ

ø
äÜTìﬀWvé E(
 äÓæTOVè>Q~ôNåÜéPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíä SsSRS$S$SRS$SRS°ýÑü
üS üS  zETå|ô"Qô
ø
äÜíìÓîåÓæòíÀäÓðYäÓåÜAO£ä SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑü
÷
ã
éTÇåÓætð<æçúxO£Tå|ô"QbQçæçä S$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑü
÷
c
ï$PíìÓìÜAQ~ôNåÓæòíEí"t	u

äÓð<äÜåÜAO£ä SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ

óh(PTè>Qçæ~ôNìÓæçåÓæòäSsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
 
üS üSlû u«íYPAQçèäÓæòíäSsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑNþ
´Vµ¹¼ ¾h¸ºµ¹¼
 '&
  ¸¾õ¶+
 & 

 ﬂh¸Ñ»ÑÁ »
 &%
´ e¼h¼

	 
¸£½

  Á»º 
  &
0
udSçý u«íO\O£TåÜä°í æçéYæTWÇæòéYèŁô"Q+Qçæçä¥í"t#äÓæçúïå S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýûü
udSçý:Sçý
N




÷
üSlû&j
ö


Nþþ − N 


 ÷ üvû/Slû&j ö 
YýÑ SRS$SRS$SRSsS$SRS$SRS°ýûü
udSçý:S  ﬃ
YýÑ

 
j
ö
þv  −  
YýÑ
   j ö þ5 S$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýûü
udSçý:S
 
ﬃ

 
GjNþýý −  
   GjNþý   SRS$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýûü
udSçý:S þ
N


 ÷: 
S
ö
j
÷

 
ýÑ
 − N 
  ÷ þ ö S 
Gj ÷ YýÑ
Yý SRS$SRS$SRSsS$SRS$SRS°ýûü
udSçý:S ü

z%
÷

 −  z' ÷ ý1SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýû
udSçý:S 
N


 
ýÑ

 
S þj
 

üYýÑ

÷ − N 
   ýÑ
Nþý:S 
Gj   
ü
vûSRS$SRS$SRSsS$SRS$SRS°ýû
udSçý:Slû *Ru« óR}/ 
Yý − *Ru« °óR}/ 
Nþ S$SRS$SRS$SRSsS$SRS$SRS°ýû
udSçý:S
÷
N


ö
ü
÷


S Gj


÷
ü
÷ − N 
 ö ü ÷ ýÑ
S ö j

vû  :  SRS$SRS$SRSsS$SRS$SRS°ýû
udSçý:S
ö
N
ýÑ

÷
vû/Sçýj
Yý
 
Nþý − N ýÑ
 ÷:  S Gj
Yý   þþ ÷ SRS$SRS$SRSsS$SRS$SRS°ýû
udSçý:SçýÑ
 ýÑ
Gj|ýÑ
ü −  ýÑ
vû&j|ýÑ
üvû`SRS$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýû
udSçý:Sçýý
N
ýÑ
vûüS
ö
j
NþüYý
ö − N ýÑ
vû   þYS üGj
NþÇûü SRS$SRS$SRSsS$SRS$SRS°ýûû
udSçý:SçýÑ
N
ýÑ
 
üYýÑ
S üGj
YýÑ
vûRþ − N ýÑ   üYýý:S 
Gj
YýÑ
 ÷:  
 SRS$SRS$SRSsS$SRS$SRS°ýûû
udSçý:Sçý
 
N
ýÑüüüS
ö



Yý
÷
þ
÷ − N ýÑü
S  
 

Yýû ÷ S$SRS$SRSsS$SRS$SRS°ýûû
udSçý:SçýTþ
N
ý
 
ü

Yý:Slû&j
Yýýû

  − N ý   ü

   S 
Gj
Yýý ÷ ý ö SRS$SRS$SRSsS$SRS$SRS°ýûû
udSçý:SçýÑü
N
ýTþýýÑNþYS Gj

ö
þ
  − N ýTþýýýû/S   j
    SRS$SRS$SRSsS$SRS$SRS°ýûû
udSçý:SçýÑ
N
ýTþþNþüS Gj
NþüYý − N ýTþþNþüSlû&j
  ö 
 S$SRS$SRS$SRSsS$SRS$SRS°ýûû
udSçý:SçýûﬃYýÑ
ö
jþü
 
  −  YýÑ ö jþü    SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýûû
udSçý:Sçý
÷
ﬃYý
 ö
jþü
Nþ5 −  Yý  ö jþü
Nþv  SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ýû ÷
udSçý:Sçý
ö
N
YýTþü
Yý:S Gj
 


 
ýÑYý − N YýTþü
vû/S 
Gj   
   
Nþ SRS$SRS$SRSsS$SRS$SRS°ýû ÷
udSçý:S 

N

 ÷
ü
Sçýj
ö
üYýÑ − N   ÷ ü
S ö j ö ü   
Yý SRS$SRS$SRSsS$SRS$SRS°ýû ÷
udSçý:S Yý
N

 

÷


Slû&jvû<ýÑüü − N     ÷ 
NþYS þjvû<ýû<ý   SRS$SRS$SRSsS$SRS$SRS°ýû ÷
ýÑ

 
	 
udS  vÎæçsvÎæòäÜåÜä S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýû
ö
udS
 
}ÇîZ(PTåÓì|ô S$S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
÷

"
ﬀdÂt·

Á 
ﬃ/
¾õº  *,¼ 
 	%
  ﬂ ,

0¸



»ºµ¹¼,µ4»Ñµ	

 	'&
g
Sçý ó#ïíåÜíO£TåÓìÓæHPBPÑôNå|ô"Qòíúèä<S$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
ö
û
g
S  í 5åÜíGèäÜRðÇîJTìﬁ SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 


g
S
 
hæçŁô"QhäÜAQò(PTåÓæòíS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 




º]¸Ñ»£µ®»

¶ﬁ· Y»

¸
	
 º ﬂºµ ¹Á ·,hº
 #
 7/0 &ﬃ   14$>ﬃ
ý:Sçý }ÇîZ(PTåÓìÜ	éYèEñèŁôä|ôNì Æ
Nþü
 
jþ
 
S$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
 
ý:S  }ÇîZ(PTåÓìÜ	é
 
u vû
 
S$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
ý:S
 
ã
ÇåÜTìÓîìÜTå|ôNåÓæòíÀéYèäÜîZ(PTåÓìÜié
 
u vû
 
 SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
ý:S þ
f
ä9PTìÓæçîåÓæòíEéä®íðôNèZ ôPTåÓætÚä¥éÆúô"Q~ôGZYæò SRS$S$SRS$SRSsSRS$S$SRS$SRS?vû
ý:S ü (OGæòäÜäÓæòí ì|ôéYæòíUéä¥ñÇèŁôä|ôNìÜä|S$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
÷
ý:S  }<íèìPB_ïŁôNèåÜä¥TTìÓúæòä SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
 


ý:Slû
f
æ~ôNúì|ô"O\O£BPíè>QòTèì4jkPíè>QòTèì°éä¥ñèŁôä|ôNìÜä¥éYèE
R
RSRS$S$SRS$SRS
 
þ
Sçý u«íè>WvTìÓåÓèìÜVîïíåÜíO£TåÓìÓæòñÇèVéYè}
f
}>} SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
 ö
S  u«íOGîŁôNì|ôNæòäÜíOUôNúæçåÓèéäR}
f
}>}BQòíúôNìÓæçåÓï>OGæòñèIS$SRSsSRS$S$SRS$SRS)þý
S
 
 ôä|	éiéíä¥éYè}
f
}>}
fh~
ý S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þ
 
S þ uÕïŁô"OGîä¥éYèui
c
v*}nSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þÇû
S ü
c
ì|ôNæçåÜAO£Tåiéä¤éíäéYèui
c
v*} SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS)þ
ö
S  u ôNì|ôPTåÜTìÓæòäÓåÓæòñèªéYè ìÜAQòAWv
c



YýS$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü

Slû u ôNì|ôPTåÜTìÓæòäÓåÓæòñèªéYè ìÜAQòAWv
c



 S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?üYý
S
÷
hæTQçåÓìÜäé$zÀTúô5u ô"O îZíèì|Qò0u
c
v*} S$SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü
 
S
ö
u«íOGîŁôNì|ôNæòäÜíETÇåÓìÜVäÓæTOªè>Q~ôNåÓæòíETåVui
c
v} S$S$SRS$SRSsSRS$S$SRS$SRS?üNþ
SçýÑ
 u«íOGîŁôNì|ôNæòäÜíETÇåÓìÜVäÓæTOªè>Q~ôNåÓæòíETåVui
c
v}Dj
c
Tì|ôNîæZSRS$S$SRS$SRS?üü
Sçýý u«íOGîŁôNì|ôNæòäÜíETÇåÓìÜVäÓæTOªè>Q~ôNåÓæòíETåV}
f
}>} S$SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü
SçýÑ u«íOGîŁôNì|ôNæòäÜíETÇåÓìÜ0}
f
}>}dTåVui
c
v} S$SRS$S$SRS$SRSsSRS$S$SRS$SRS?üvû
Sçý
 
(yñèŁôNåÓæòíÀéRPíè>QòTèì¥èjú}
f
}>}eTådui
c
SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü
÷
 
Sçý }ÇîZ(PTåÓìÜRO£íðvTEäÓèì|Qòä¥éíOUôNæçäéÎêëTTìÓúæò S$S$SRS$SRSsSRS$S$SRS$SRS?Yý
 
S  u«íOGîŁôNì|ôNæòäÜíì|ôéYæòí£ñÇèæòTå|jyì|ôéYæòí\Qòíèé SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
 
S
 
u«íOGîZíäÓæçåÜVé	ñèŁôäLôNì¤éôNäJQê æçtì|ôGjìÜíèúv]S$SRS$S$SRS$SRSsSRS$S$SRS$SRS?Nþ
 
S þ u«íOGîZíäÓæçåÜVíîåÓæòñè¨è>QçåÓì|ôGjWÇæòíQòTå SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?ü
 
S ü
g
ZYAOGî>QòªéiäÓðYäÓåXAO£ä|O£Tå|ô"QTQçæòñÇèä|j ÆYý
 ö
jþü
Nþ5 SRSsSRS$S$SRS$SRS?vû
 
S 
g
ZYAOGî>QòªéR  VvS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
÷
 
Slû
ã
ÇåÓìÜíÇéYèYPTåÓæòí3ôNèZ]Píè>QòTèìÜä S$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS û

 
S
÷
}ÇîZ(PTåÓìÜäéÎêëí
ø
^ TåÜäd_åÓì|ô(WvTìÜäJQòä|eYQçåÓìÜäd}
f
}>} S$S$SRS$SRSsSRS$S$SRS$SRS û<ý
 
S
ö
f
æ~ôNúì|ô"O\O£BPíè>QòTèì4jkPíè>QòTèìîJíèìJQò	é> SRS$S$SRS$SRSsSRS$S$SRS$SRS û<ý
 
SçýÑ
 }ÇæTOVè>Q~ôNåÓæòí3éYèQòíCPTèä¥éä¤TåÜíæTQòä S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS ûRþ
 
Sçýý }ÇæTOVè>Q~ôNåÓæòí3éäJPíè>QòTèìÜä¥éä®úô"Q~ôGZYæòä SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS û
 
SçýÑ }ÇæTOVè>Q~ôNåÓæòí3éäJPíè>QòTèìÜä¥éä¤ñÇèŁôä|ôNìÜä$SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS ûû
 
Sçý
 
vtíCPTèäéä¤ñÇèŁôä|ôNìÜä<S$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS û
÷
 
SçýTþÄ <QçúvíìÓæçåÓï>O£ªé	äÜAQò(PTåÓæòíéYè}
f
}>} SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
÷


 
SçýÑü vtRQòí/PTèä¤éä¥TåÜíæTQòä¤éôNä<Qòs}
f
}>} SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
÷

ýý
ýÑ
   
	    
 
SçýÑ
~
Túæòíä¥éÎêëZ>PAQçèäÓæòíä®îJíèìJQ~ô¨äÜAQò(PTåÓæòíÀéiñèŁôäLôNìÜä SRSsSRS$S$SRS$SRS
÷: 
 
Sçýû}<AQò(PTåÓæòíEäÓæTOGî>QçæeŁ	éYèI}
f
}>} SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
÷÷
 
Sçý
÷
}ÇæTOVè>Q~ôNåÓæòí3éYèQòíCPTèä¥éä¤TåÜíæTQòä|jyŁôNæçä
ø
Q~ôNYPÜïä SRSsSRS$S$SRS$SRS
ö


 
Sçý
ö
~
Túæòíä¥éôNäJQòä¤éYæ~ôNúì|ô"O\O£äVPíè>QòTèì4jkPíè>QòTèì SRS$SRSsSRS$S$SRS$SRS
ö
ý
 
S 
 u«íO
ø
æçŁôNæòäÜí3édeYQçåÓìÜhj3ðÇîJTìﬁ S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
ö: 
 
S Yý ®éôNîå|ôNåÓæòíÀéôNäVu|dzJ<j|ýû S$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
ö
ü
þYSçý
f
æòäÜåÓìÓæ
ø
èåÓæòídéä ñÇèŁôä|ôNìÜä«TFtÚíYPTåÓæòíeéYèdé(PÑô"Q~ôNúvÆäÓîJ(PTåÓì|ô"QZéôNä3Qò
}
f
}>}8S SRS$S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ

 
þYS 
f
TäÜæçåÜ	é	ñÇèŁôä|ôNìÜä¤éôNä|Qòä®ìÜAQòAWvä SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
ü
þYS
 
ã
èTYPªéä¤TìÓìÜTèìÜä¥äÓèìJð<îZTìﬁ SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
vû
þYS þ
ã
èTYPªéä®îŁôNì|ô"OxXTåÓìÜä¥éheYQçåÓìÜääÓèìJðÇîJTìﬁj¥ýnSRSsSRS$S$SRS$SRS°ýÑ

ö
þYS ü
ã
èTYPªéä®îŁôNì|ô"OxXTåÓìÜä¥éheYQçåÓìÜääÓèìJðÇîJTìﬁjÕ SRSsSRS$S$SRS$SRS°ýýÑ

þYS 
c
ì|ôNæçåÜAO£TåiéhQ~ô0tÚíìwTåJvÎð/OUôNj
α
îŁôNìJ¥ð<îZTìﬁ S$SRS$SRS$SRSsS$SRS$SRS°ýýý
þYSlû uÕïíæZ`éYèîŁôä¤éié(PÑô"Q~ôNúvVäÓîJ(PTåÓì|ô"Q*SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýýÑ
þYS
÷
c
AOGî>Q~ôNåÜéiñèŁôä|ôNìäÜAQòíh}
c
Tåh}
f
}>} SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýýTþ
þYS
ö
vtä¤åÜAOGî>Q~ôNåÜäéä¤TåÜíæTQòä|jý SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýýÑ
þYSçýÑ
 vtä¤åÜAOGî>Q~ôNåÜäéä¤TåÜíæTQòä|j« SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýýÑ
þYSçýýnvtä¤åÜAOGî>Q~ôNåÜäéä¤TåÜíæTQòäÑùZAOGî>Qò	é	äÓîJ(PTåÓìÜäŁSRS$SRSsSRS$S$SRS$SRS°ýýû
þYSçýÑ
g	
PÑôPTæçåÜªéä¥é(PÑô"Q~ôNúvä¥äÓîJ(PTåÓì|ôNèZeîïíåÜíO£TåÓìÓæòñÇèäSRSsSRS$S$SRS$SRS°ýý
÷
þYSçý
 
u«íå|ô"OGæçŁôNåÜäiT`tÚíYPTåÓæòíéä¤é(PÑô"Q~ôNúvä°äÓîJ(PTåÓì|ôNèZeîïíåÜíO£TåÓìÓæòñÇèäZýý
ö
þYSçýTþ ¥æòäÓåÜíúì|ô"O\O£éä	PÑôNéYæòéôNåÜä«ñèŁôäLôNìÜäT\tÚíYPTåÓæòíUéYè\é(PÑô"Q~ôNúv¥îïí"j
åÜíO£TåÓìÓæòñè0S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
þYSçýÑü u ôNéYæòéôNåÜäñÇèŁôä|ôNìÜä Qòä,tôNèäÜäÜä<PTæ
ø
Qòä SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑNþ
þYSçýÑ }Çð<äÓåXAO£ä<QòíìÜTåﬀræòT 
f
æ~ôNúì|ô"O\O£BPíè>QòTèì4jkPíè>QòTèì SRSsSRS$S$SRS$SRS°ýÑ
þYSçýû èŁôä|ôNìÜä¤í æòéTÇåÓæeŁä¥îŁôNìJð<îZTìﬁ QòTèìÜäVPíè>QòTèìÜä SsSRS$S$SRS$SRS°ýÑvû
þYSçý
÷
(WvíQçèåÓæòíÀéYè`ì|ôÑðvíEéä¤í
ø
^ÓTåÜä¤T]tÚíYPTåÓæòíéhQòTèìJOUôNúæçåÓèé0S$SRS°ýÑ
ö
þYSçý
ö
u«íè>QòTèìÜäéä¤ñÇèŁôä|ôNìÜä¤T`tÚíYPTåÓæòíéRQòTèìé(PÑô"Q~ôNúv	äÓîJ(PTåÓì|ô"QSRS$SRS°ý
 


üSçý
g
ZYAOGî>QòªédtíìwTåVvÎðCOUôNj
α
SRS$S$SRS$SRSsSRS$S$SRS$SRS$SRSsS$SRS$SRS°ý
 
ü
üS  }ÇæTOVè>Q~ôNåÓæòí3éYèOGæTQçæòTè æçåÜTìÓúô"Q~ôPTåÓæòñÇè SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
 ö
üS
 
~
(PíäÓåÓìÓèYPTåÓæòíÀéYèPÜïŁô"OGîéVéTäÓæçåÜ SRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþ
 
üS þ èŁô"QçæçåÜVéhQ~ô¨ìÜ(PíäÓåÓìÓèYPTåÓæòí SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþþ
üS ü
c
ð<îæHPÑô"Qhí
ø
äÜTìﬀWvé äÜîZ(PTåÓì|ô¨í"t R}>îŁôNæçìÜä S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýTþ
÷
üS 
c
ï	í
ø
äÜTìﬀWvé]QòíúæçåÓèéYæçŁô"QiPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòí]j¥ýSRSsSRS$S$SRS$SRS°ýÑü
 
üSlû
c
ï	í
ø
äÜTìﬀWvé`åÓì|ôNäﬀWvTìÜä|$PíìÓìÜAQ~ôNåÓæòíPí<

PTæòTå<jýnSRSsSRS$S$SRS$SRS°ýÑüNþ
üS
÷
c
ïRQòíúæçåÓèéYæçŁô"Q0ôNédåÓì|ôNäWvTìÜäÜ$PíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíäSRS$S$SRS$SRS°ýÑü
üS
ö
c
ïRQòíúæçåÓèéYæçŁô"QPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíjÕ SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑüvû
üSçýÑ

c
ï	í
ø
äÜTìﬀWvé`åÓì|ôNäﬀWvTìÜä|$PíìÓìÜAQ~ôNåÓæòíPí<

PTæòTå<j« SRSsSRS$S$SRS$SRS°ýÑü
÷
üSçýýn¥æòäÓåÜíúì|ô"O.í"tõåÓïRWvAQòí/PTæçå×ð`äÜTîŁôNì|ôNåÓæòíäﬀju
 
äÓðYäÓåÜAO£ä SsSRS$S$SRS$SRS°ýÑ

üSçýÑ 
ø
äÜTìﬀWvévtíúæçåÓèéYæçŁô"QPíìÓìÜAQ~ôNåÓæòítèYPTåÓæòíí"t	u

äÓð<äÜåÜAO£ä S$SRS°ýÑYý
üSçý
 
}ÇîZ(PTåÓì|ôGí"t0åÓïiúìÜíèî SRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
udSçý }ÇîZ(PTåÓì|ôGí"t0åÓï	í
ø
äÜTìﬀWvé R}>îŁôNæçìÜä|j¥ý S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
÷

udS  }ÇîZ(PTåÓì|ôGí"t0åÓï	í
ø
äÜTìﬀWvé R}>îŁôNæçìÜä|jÕ S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
÷
û
udS
 
}ÇîZ(PTåÓì|ôGí"t0åÓï	í
ø
äÜTìﬀWvé R}>îŁôNæçìÜä|j
 
S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
÷÷
udS þ}ÇîZ(PTåÓì|ôGí"t0åÓï	í
ø
äÜTìﬀWvé R}>îŁôNæçìÜä|jyþ S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
÷ö
   	 
ý
 
udS ü }ÇîZ(PTåÓì|ôGí"t0åÓï	í
ø
äÜTìﬀWvé R}>îŁôNæçìÜä|jÕü S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
ö


udS  }ÇîZ(PTåÓì|ôGí"t0åÓï	í
ø
äÜTìﬀWvé R}>îŁôNæçìÜä|jÕ S$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ý
ö
ý
g
Sçý
ø
AQòíúîJíQSPRj¥ý SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 

g
S 
ø
AQòíúîJíQSPRjÕ SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 

 
g
S
 
ïð<îZTìﬀr ®úô"Q~ôGZYæòäS îŁôNì|ô"O S$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 
Nþ
g
S þ ïð<îZTìﬀr ¤äÓå|ôNìÜä&S îŁôNì|ô"O SRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 
ü
g
S ü(ïð<îZTìﬀr ¤ñ<äÜíäS îŁôNì|ô"O SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 

g
S 
c
ï	éYæJTìÜTÇåäÜAQò(PTåÓæòíä°ô(WôNæTQ~ô
ø
Qò SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 
vû
ýTþ
   
	    
  !#> &  7/0ﬃ.$
Sçý óõôNì|ô"OxXTåÓìÜ
b
Tå<rÑTìÜíèZOUôNúæçåÓèéVîZíèì|Qò0}
f
}>} SRS$SRSsS$SRS$SRS)þ
S  uÕïŁô"OGîä¥í
ø
äÜTìﬀWvä°ôNèui
c
SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?üvû
 
Sçý ó#ìÓæçYPTæçîŁô"Qòäì|ôNæòäVéÎêëAOGæòäÜäÓæòí,éôNä$QêëíîåÓæòñÇèUTåBQê è>QçåÓì|ôGjWÇæòíQòTåéôNä
Qòä¥äÓîJ(PTåÓìÜä¤éä¤ñÇèŁôä|ôNìÜä SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS?
 
S  u«íO
ø
æçŁôNæòäÜíäÆéä,eYQçåÓìÜä¤éôNäV°ôNåﬀræTOGæçŁôíú:QòíèÀTåô"QSbmÚ


5o0SRS$SRS
ö: 
 
S
 
u«íOGîŁôNì|ôNæòäÜí é
f
}
g
j
~
äÓè>Qçå|ôNå édQêëTåÓèéÆéVÆôNåﬀræTOGæçŁôíú:Qòíè Tå
ô"QS+mÚ


5oS]S$SRS$SRS$SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS
ö
þ
þYSçý
f
TäÜæçåÜ	é	ñÇèŁôä|ôNìÜä SsSRS$SRS$SRS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
Nþ
þYS 
f
TäÜæçåÜ	é	ñÇèŁôä|ôNìÜä<_BtôNæ
ø
Qòä|OUôNúæçåÓèéäSRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
Nþ
þYS
 
vtä¥éYæÎTìÜTåÜääÜAQò(PTåÓæòíä|jÕ

PÑôPTæçåÜ SsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑ
 
þYS þ }<AQò(PTåÓæòíEéôNäJQòä<PÜïŁô"OGîä¤îìÜí"tÚíéä¥éYèui
c
v*}`S$SRSsSRS$S$SRS$SRS°ý
 
ý
üSçý ó#ìÜíîZTìÓåÓæòä°í"t0åÓï
 : 
R}>îŁôNæçìÜä S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS°ýÑü
ö
üS 
f
ô"OGîJévÎð/OUôNj
α
äÓðYäÓåÜAO PÑôNéYæòéôNåÜä¥éTåÜ(PTåÜéæç`åÓï	äÓèìﬀWvTð SRS°ýÑü
g
Sçý PíåÜTåÆí"t0åÓïheYQçåÜTì¤îŁôNì|ô"O£TåÜTìxS$S$SRSsSRS$SRS$S$SRS$SRSsSRS$S$SRS$SRS 


ýÑü
ýÑ
    	      
  >ﬀ¥.5
d
(s"
 . =976=978ﬀ;! h
A.FA2ﬂC?7CF?
d
(D=9.V6K =:k;]2ﬂ/:	::-=7	 ,
ﬁ6T27
27\
ﬀ=78;"
9!32ﬂ>7I2  
	84 % %D765	A2ﬂ`&7627C7Y	 'A
LM
E27
vyê ôW5XTAO£TåÆéä åÜAQòäPíîZä¥éhQ~ôBPAQ~ôä|äÜiéä
÷
j|ýÑ
"O.ôªîZTìﬀOGæòä¥éÎêëí
ø
åÜTæçì¥éä¤ô(WôNj
PäOUôG^ TèìÜä®éôNä î>QçèäÜæòTèìÜä«éíOUôNæçä¥é<Q~ô0PíäﬀO£íQòíúæòiôNèäÜäÓæ8WôNìÓæòä®ñèVQêëTåÓèé
é|Q~ôVtÚíìﬀOUôNåÓæòíUéä#úô"Q~ôGZYæòäÑù:QòTèìAWvíQçèåÓæòíeíè\QêëTåÓèé¤éääÜð<äÓåXAO£ä#éÎê ô
ø
ä|íìÓîåÓæòí
éôNähQòäÓîZ(PTåÓìÜ¨é¨ñÇèŁôä|ôNìÜäÆñèæ#äÜíÇåÆéä|íìﬀOUôNæòä$_UåÓìXä°ïŁôNèåÜ¨ìÜäÜíQçèåÓæòí*Tå$_\åÓìXä
úì|ôNé`ì|ôNîîJíìÓå¤äÓæçúŁô"QtäÓèì
ø
ìÓèæçåS
f
Æî>QçèäÑùQê ôWôNYP	éhQêXTìÜÆÇè>O£TìÓæòñèªôGôNèåÜíìÓæòäÜ
Qò¤äÓåÜí/PaôNúv®é®úì|ôNéäÕñèŁôNÇåÓæçåÜäé¤éíäÕéíåQê ôP(P(XäÕäÓåé î>QçèäTGî>Qçèä«ôNæòäÜù
îJTìﬀO£TåÓå|ôNåeè îìÜí"tèäÓæòí@éÎêëTåÓèéäeTåUéPíÇåÓìÜj×TåÓèéädäÓå|ôNåÓæòäÓåÓæòñÇèäS
g
eQòä
O£íÑðvTä0é3PÑô"QHPTè>QYôP(PTìÓèäõíåõîZTìﬀOGæòäõé	PíäÜåÓìÓèæçìÜ«éähäÓæTOVè>Q~ôNåÓæòíä#éå|ôNæTQTQòÕéî>Qçèä
T£î>QçèäÕæTOGîZíìÓå|ôNÇåÜù<ô"QTQ~ôNÇåb^ èäÜñÇètêl_ÆìÜÑô"QçæòäÜTìÕéäÕäÓæTOVè>Q~ôNåÓæòíäÕïðYéYìÜí"j×éYð<Łô"OGæòñèä T
åÓìÜíæòä°éYæTO£TäÓæòíäÑùîJTìﬀO£TåÓå|ôNå°èsPítìÜíå|ôNåÓæòí*TÇåÓìÜsQòä<O£íÇé>XAQòäåÓïíìÓæòñèä°Tå
Qòä¥í
ø
ä|TìﬀWôNåÓæòíäS¹ ¥æçäÜæÎæTQtêëäÓå¤î>Qçèä¥åÜAOGîäésPíäÓæòéTìÜTì<QòäéíOUôNæçäésQ~ô\Píä4j
O£íQòíúæò`O£í<éTìÓ]PíO\O£eéä¨ÇèŁôNúväxPíeä¨îŁôNì\Q~ôEîìÜäÜäÓæòíéeåÓìÜíî OUôNæçúìÜä
í
ø
äÜTìﬀWôNåÓæòíäÕíè\îŁôNì	Qê ôNåÓåÓì|ôPTåÓæòídåÓìÜíîxtÚíìÓåÜ¥éJO£íÇé>XAQòäÕæç WvTìÓæe¹ô
ø
QòäÑù/OUôNæòäPíO\O£
édúì|ôNéäHQòíåÜä¨ìÜAQçæòäGîŁôNì\Qòä¨æçÇåÜTì|ôPTåÓæòíä\é`QòTèìÜäGí
ø
^ÓTåÜä£éeîìÜí/P(PTèîŁôNåÓæòí@Tå
tÚíìﬀOUôNå¨è>åÜíèåæçéYæòäÜäÜí/PTæ~ô
ø
QòDPíCWvTìÓúvÑôNå\WvTìÜä
¾õ¼
O£í<é>XAQòeTå
¾õ¼

ïæòäÓåÜíæçìÜeé
Qê

æTWvTìÜäS
vôä¨éä¨úì|ôNéä¨îJTìÓæçîïì|ôäÜäÑùhæTQ«íèäBtôNèåéä|íìﬀOUôNæòä£ôNåÓå|ôñèTì1Q~ôÀäÓè
ø
äÓå|ôNYPdéYè
åÜZYåÜiTå®îìÜäÜTåÜTìV_¨ñÇèíæJæTQtäÓå¤éäÓåÓæç:S
c
íèå¥éÎê ô
ø
íìÜé`QòRPíÇåÜZ<åÜVéRPTåÓåÜÆåÓïYXäÜù
PAQTQòjkPTæäÑê æçä9XTìÜ£éôNäRQòGîìÜí"^ÓTåVé¨ìÜ(PíäÓåÓìÓèYPTåÓæòí,TﬁåÓìÜíæòä	éYæTO£TäÓæòíäªéYè OGæTQçæòTè
æçåÜTìÓúô"Q~ôPTåÓæòñÇèùJTéÎê ôNèåÓìÜäVO£íåÜäÑùéiìÜÑô"QçæòäÜTìVQ~ô¨åÜíO£íúì|ôNîïæòéYèOGæTQçæòTèæçÇåÜTìÓúôGj
Q~ôPTåÓæòñÇè£ôGeﬁé0PÑôNìÓåÜíúì|ôNîïæòTìBQê

æTWvTìÜä&SÎóhíèì	äÜBtôNæçìÜ¨è¨æòé¨é1Q~ôUŁôNæòä|ä|ôNYP
éJP¥îìÜí"^ TåÑù Qò|Qò(PTåÜTèìÕäÓåìÜT WvíÑðviôNèZGåÜZYåÜäé¥ó0ôNåÓìÓæHPa\óhTåÓæçå^ÓÑôNIm ý
öö
û<ù¹ý
ööö
o
îJíèìtèyôNîî>QçæHPÑôNåÓæòíéiQ~ô®ìÜ(PíäÓåÓìÓèYPTåÓæòíªéYè$OGæTQçæòTèVæçåÜTìÓúô"Q~ôPTåÓæòñÇèæTQäÜåbPíäÜTæTQTQò
é	äÜÆìÜTîJíìÓåÜTìV_¨ó#æHP|ïíETå¥ô"QS+mÚ

Yý&oS
vô åÜíO£íúì|ôNîïæòeéYè OGæTQçæòTèæçÇåÜTìÓúô"Q~ôPTåÓæòñèdäÓå	èîìÜí"^ Tåñèæ(PäÜäÓæçåÜ£èDPTì4j
å|ôNæç®éTäÓæçåÜ®é®ñÇèŁôä|ôNìÜä èäÜäÜTì ÆôTïAQçå<m ý
öö÷
o0äÓèúú5XTìÜTåÕéÎê èåÓæTQçæòäÜTìQò ìÜAQòAWv
îìÜíîJíäÜ¨îŁôNì	óhTåÓæçå^ÓÑôN m ý
öö
û:oPùñèæPíäÓæòäÓåÜUT*è\PíQTQò(PTåÜ£éGäÓîJ(PTåÓìÜä	é¨ìÜäÜí"j
QçèåÓæòí O£íÑðvT1^ èäÜñÇètêl_ èOUôNúæçåÓèé`édÀéôNä¨èP|ïŁô"OGî éeéTèZ,éTúìÜä
PÑôNìÓìÜäS

`åÜAQÎìÜAQòAWv	îJTìﬀO£TåÓåÓì|ôNæçå¥éÎêëí
ø
åÜTæçìh_îZTè`îìXä¥èRPTå|ôNæçVé$Qçæçúä¥é
W<æòäÜ0WvTìÜäiéäiñèŁôä|ôNìÜäiéôNäÆè¨ìÜTúæòíﬁéÎê è¨åÓìÜTÇå|ôNæç£é0O£TúôeîŁôNìÜäÜ(P¨éGäÜ(Pj
åÓæòíbSzÀôNæòä0îJíèì#ôNìÓìÓæTWvTì	_VPTå#í
ø
^Ó(PTåÓæt ùNæTQ/tôNèåõäÜ,PíYPTÇåÓìÜTìyäÓèì#éä#äÓèì4j×éTäÓæçåÜä#é
ñÇèŁôä|ôNìÜäÑù<éYæ

PTæTQòäJ_	åÓìÜíè>WvTì®Tå«îŁôäÕåÜíè^ÓíèìÜä«ìÜTîìÜäÜTå|ôNåÓæTWvä¥éYèOGæTQçæòTèdæçÇåÜTìÓúô"Q~ôPj
åÓæòñÇè:S vyê ôNèåÓìÜÆäÜíQçèåÓæòí`PíäÓæòäÓåÜd_Vô"QTQòTì|_	éä3OUôNúæçåÓèéäÕî>QçèäÕîìÜí"tÚíéäÑùÇTå«éíYP
ýû
ý÷     
èåÓæTQçæòäÜTì é¥íè>WvÑôNèZeìÜAQòAWväS
g
`ôNåÓåÜTéôNå¤ñÇèJQêëí]PíQTQò(PTåÜÆäÓè

ä|ô"O\O£Tå®édPä
Qçæçúä°é$W<æòäÜä¤úìÜíèîJäÑù¹æTQhäÓå¤îJíäÜäÓæ
ø
Qòªé$O£TTìÆéäTåÓèéä°é	ìÜ(PíäÜåÓìÓèYPTåÓæòí
_ªîŁôNìÓåÓæçì¥é°îŁôNæçìÜä¤éiñÇèŁôä|ôNìÜäÑùYñèæÎäÜíÇå®ì|ôNìÜä|OUôNæòä åÜíèå¤éhOxwAO£Æî>QçèätìÜñèTÇåÜä
ñÇèhQòä®úìÜíèîZä&S
u°êëäÓåVôNæçäÓæyñÇè1WôdäÜGé(PíèîZTìBP1O£AO£íæçìÜùtè¨îŁôNìÓåÓæòGîìÜäÜTÇå|ôNåBQ~ôeìÜ(PÜïTìPÜï
éäVñÇèŁôä|ôNìÜäôGe>éÎê ô"QTQòTì0_`éäsOUôNúæçåÓèéä¨éGî>QçèäVTﬁî>QçèästôNæ
ø
Qòä	îJíèìVí
ø
åÜTæçì
éäéTäÜæçåÜäé®î>QçèäÕT£î>Qçèäyúì|ôNéä«Tåyè®îŁôNìÓåÓæò¥îìÜäÜTå|ôNÇå3QòäÕíèåÓæTQòäéÎê ôNŁô"QçðYäÜ
éYèOGæTQçæòTè æçÇåÜTìÓúô"Q~ôPTåÓæòñè1_0Qê ôNæòé	éä®îŁôNæçìÜäéiñèŁôäLôNìÜäS
vyê æçÇåÓìÜíÇéYèYPTåÓæòí îìÜäÜTÇåÜTì|ôQòDPíåÜZYåÜUúvTTì|ô"Q éôNäsQòñÇèAQÕä|£äÓæçåÓèFPTåÓåÜ\TåÓèéù
éYèeîZíæçÇå éVW<èéíä,PíŁôNæòäÜä|ôNYPä äÓèìQò<OGæTQçæòTèdæçåÜTìÓúô"Q~ôPTåÓæòñÇèùäÓèì3Qòä
ø
ôäÜä
é	éíäéä¤ñèŁôäLôNìÜä¤Tå¤äÓèì|QòTèì¤ìÜ(P|ïTìPÜï:S
vt>îìÓæçYPTæçîZnOxwAO£é Qê æòéTåÓæeﬃPÑôNåÓæòí éÎêëí
ø
^ÓTåÜäÑùJQòäÀñÇèŁôä|ôNìÜäîJíèìPñèæªíèä
PíYPTìÓùäÓåéPíOGîŁôNìÜTìhè
ø
ôäÜÕé	PíŁôNæòäÜä|ôNYPä_¥éyíè>WvAQTQòä0í
ø
äÜTìﬀWôNåÓæòíäS
vtP|ïŁôNîæçåÓìÜ«O£íÇåÓìÜTì|ô¥ñÇèAQòätäÜíÇåbQòätìÜAQòAWvähñèæ:WvíÇåíèäîZTìﬀO£TåÓåÓìÜèô(WôNYP
æTOGîJíìÓå|ôNåÜVéôNäJQ~ô1PíQTQò(PTåÜ	éä,Qçæçúä¤éhW<æòäÜ:S>vtä
ø
ôäÜä¥éRPíŁôNæòäÜä|ôNYPä¤äÜíÇå
QêëTäÜAO
ø
QòéäÕäÓîZ(PTåÓìÜäÕé¤ñÇèŁôä|ôNìÜä	PíQTQò(PTåÜä+^kèä|ñètêl_	ôNè^ÓíèìÜéÎê ïèæmîJíèì	QêëäÜäÜTÇåÓæòAQ
îìÜíWvTŁôNÇå¤éYè}
f
}>}Zù>}CQòívôN
f
æçúæçå|ô"Qb}Ca<ðD}ÇèìﬀWvTðYoTåQòä«íè>WvAQTQòä®í
ø
äÜTìﬀWôNåÓæòíä«ñÇèæ
äÜíÇå®èåÓæTQçæòäÜä®éôNä|PTåÓåÜÆåÓïYXäÜ°îìÜíW<æòTTå°éYèeìÜAQòAWviTdæTOUôNúvTìÓæòsui
c
v*}Imu ôGj
Łôéô\ì|ôNYPs°ô «ô
c
AQòäPíîJ$vtTúôPTð}ÇèìﬀWvTðYoS
vtä3O£TåÓïíÇéä éäÜAQò(PTåÓæòíeéä ñÇèŁôä|ôNìÜäíÇå
ø
ÑôNèYPíèî`AWvíQçèVPä«éTìÓæHXTìÜä é(PTj
æòä	TåVä|TìÜíå	îìÜäÜTÇåÜäVéôNäRQòFPÜïŁôNîæçåÓìÜ
 
S
f
ôNä$PGéTìÓæòTìªíèäRWvTìÓìÜíäVñÇè
Q~ô1O£TåÓïí<éVéÎê ôéôNîå|ôNåÓæòí3é	éYæòäÓåÓìÓæ
ø
èåÓæòí3äÓîJ(PTåÓì|ô"Qò	éÎêëTTìÓúæòm
f
}
g
o¤äÜAO
ø
QòVî>Qçèä
ôéôNîå|ô
ø
QòVTå¥î>Qçèä,e¹ô
ø
Qò	éÎê è ìÜAQòAWv0_èEôNèåÓìÜ AQTQò	äÜhO£íÇåÓìÜ$O£íæçääÓîZ(PTæeŁñÇè
ôNè ìÜAQòAWv	T`îìÜä|Tå|ôNåÆéä®ìÜäÓè>Qçå|ôNåÜäVPíOGîŁôNì|ô
ø
QòäS
vtähåÜäÓåÜä*O£TähäÓèì*Qò}
f
}>}ªô(Wv(P¥ð<îZTìﬁ¨îìÜäÜTåÜä0éôNä*Qò	PÜïŁôNîæçåÓìÜ«þîZTìﬀO£TåÓåÜTÇå
éÎêëäÓåÓæTO£Tì0éôNäèªîìÜAOGæòTìhåÜAOGîä*Qêë

PÑôPTæçåÜ éyíåÓìÜ«äÜAQò(PTåÓæòíbS"vtäåÜäÜåÜäÎ(PTåÓèä
äÓèì*Qòä
ø
ôäÜäõéYèx}
f
}>}	íèä0ôNæòéTå_¤éYæòäÓîJíäÜTì0éyî>QçèäÓæòTèìÜäõåðÇîJähéÕäÜAQò(PTåÓæòíGäÜAQòí
Qòä äÓåÓì|ôNåÜTúæòä éä äÓèæTWÇæòä«äÓîJ(PTåÓìÜíäPíîæòñÇèäSYóhíèì|PÜïŁôPTèÆéÎêëTÇåÓìÜiAQTQòäÕíèä®ôWvíä
è¨äÓåÓæTOUôNåÓæòíﬁéBQêë

PÑôPTæçåÜ:Sbvyê ôNèåÜTèìiîìÜäÜTÇåÜ\PíO\O£Tå$PäRPTìÓæçåXTìÜäié¨äÜAQò(Pj
åÓæòíGîJTè>WvTå	wTåÓìÜ¤ôNîî>QçæòñÇèäÕôNèGìÜAQòAWv<ui
c
v*}¨TåyñÇèAQTQòäyT£äÜíåQòäPíÇåÓì|ôNæçåÜäS
vt¨éTìÓæòTì$PÜïŁôNîæçåÓìÜ¨ìÜTîìÜä|TåÜ1Q~ô
ø
ôäÜéYèÀåÓì|ôWôNæTQ#ñÇètê æTQtÚôNèéYì|ôeÎ(PTåÓèTì°èBtÚíæòä
ñÇèJQêëí ôNèì|ôsPíQTQò(PTåÜ°äÓè

ä|ô"O\O£TÇå¤éJQçæçúä éVWÇæòäÜ:S
g
dJTå«íèä®ô(WvíäO£íj
åÓìÜ£ñÇètê ô(Wv(P\èﬁíO
ø
ìÜxtÚôNæ
ø
Qò\éGîŁôNæçìÜäé£ñèŁôäLôNìÜäÑùÎæTQTå|ôNæçå	îJíäÜäÓæ
ø
QòUéÎê ôP(PíìÜéTì
í
ø
äÜTìﬀWôNåÓæòíädTå\äÓæTOªè>Q~ôNåÓæòíäÑù«ôNæçäÜæñÇèéÎêëí
ø
åÜTæçìdè@(P|ïŁôNåÓæTQTQòí5äÓè

ä|ôNÇå\îJíèì
QêëäÓåÓæTOUôNåÓæòíÀéhQ~ô\PíìÓìÜAQ~ôNåÓæòíQòíúæçåÓèéYæçŁô"Qò:S
  	
 
`- ﬁ2 &($(@!02)-
A)+ﬂ>7Y 
ﬁ&2?K
 ﬂ/EI2ﬂD>: A76=9 Tﬀ:ﬁ7 :ﬀ 2ﬂ/"
(2ﬂ/:Bﬂ/E"76 ﬀ
ﬁ58K =: 7I?7K 'A
LIM
KE&?7
ý
ö


 	
  

ﬀ pﬁﬂﬁÄuÎsx
ﬃ ﬃ !"$#&%(' % "*)+% ,.-/"10324' 45-/%(67)"8:9/;,=<%(9>-?;@% 0"89/;,=AB-?)C"$D
-/034E"B039F'("*9G9/HI"*5-/03"19JC"*9K67)49?4L039MGNGGNGNGGNG O@P
ﬃQO RN;#&#&"*,.-S03"*5<"1035<"10T'("*9G67)49?4L039IUVGGNGNGGNG OXW
YZ\[LZ]Y ^_a``_cb_>d]de_cfXg]hi`jBgekl_cmBno _?h	`pdQqGk_?rsf_>ksrsf_utL_cmBn@qhlqkshcZcZuZv[w
x
_/hlraklgeyL`lgejBzt_/hpm1nXqBhqklh/ZSZcZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZv[w
|
_?h}r>q`lqd]j~Bn_/h_>*gQhi`lqz1`sh}tL_Sm1nXqhlqkshZcZcZuZcZuZcZuZcZcZuZv[B
YZ\[LZ\[ >`fjLtL_?htL_}kl_/rsf_/klrsf_hnge3qzB`d]_/htgŁ.>kl_>z1`lhtjKqg]z_/h
t7o >z_/k~Bge_ ZcZcZ{ZcZuZcZuZcZcZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZB[

_?rsf_>ksrsf_ctqz@hde_ctLjBJqgezX_{jByL`gQm1n_ZcZcZuZcZuZcZuZcZcZuZ

_?rsf_>ksrsf_/hB_>z*n_/h}to qged]de_/nkshKZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZBw
u«AQ~ô0tôNæçå¤éäÜíìﬀOUôNæòä¥î>Qçèä¥éÆåÓìÜíæòä¥ñÇèŁôNìÓåÜä¤é	äÜæHX(PAQò	ñèÆíèä°ô(WvíäVPíäPTæòTYP
ñÇè£íåÓìÜ

æTWvTìÜäªUäÜUìÜäÓè>O££îŁôä1_`íåÓìÜUúô"Q~ôGZ<æòeTåªñÇètê æTQäÓåTZYîŁôNäÓæòíbS
u«TåÓåÜîìÓæòäÜéBPíäPTæòTYP¨äÓåÆäÓèìﬀWvTÇè¨ô"QòíìÜäiñÇèBQòä¥îìÜAOGæòTìÜädtÚíéAO£TåÜäié0Q~ô
PíäﬀO£íQòíúæòeôPTåÓèAQTQò£Tå|ôNæòTå¨TíYPäÑùÎíå|ô"O\O£TÇåBQò¨îìÓæçYPTæçîJFPíäﬀO£íQòíúæòñÇèGîJíä4j
åÓè>Q~ôNådñÇè]Qê èæTWvTìÜä\äÜå£ïíO£íú5XTTå\æòäÜíåÓìÜíîZ îZíèìﬀW<è ñÇèQêëí PíäÓæòé>XTìÜè
(PÜïAQTQò\äÓè

ä|ô"O\O£TÇåVúì|ôNé:S  îŁôNìÓåÓæçìªéFPAQçèæjkPTææTQô`TåÜGîJíäÜäÓæ
ø
QòD_d <QòZôNéTì
ìÓæòéOUôN*éÎêë(PTìÓæçìÜBQòäñÇèŁôNåÓæòíä0mîìÜí&WvTŁôNå	ésQ~ô£åÓïíìÓæòé$Q~ô£ìÜAQ~ôNåÓæTWÇæçåÜªúvTj
ì|ô"Qò&o«úvíè>WvTìÓŁôNÇåVQêëAWvíQçèåÓæòíÀéhQê èæTWvTìÜä¥éôNä¤è]O£í<é>XAQò	é£ê«æçújk®ôNúêTS
 è^ íèìÜéÎê ïÇèæ6Qòä«í
ø
äÜTìﬀWôNåÓæòíäíèä«îJTìﬀO£TåÓåÜTå é¤ìÜAOUôNìÜñÇèTì3Qê æçïíO£íúvTTæçåÜ
éVQê èæTWvTìÜä«äÜèìPTìÓå|ôNæçä (PÜïAQTQòä <Tå«æTQZíèäÕìÜäÜåÜV_BPíOGîìÜTéYìÜRPíO\O£Tå,Qê èæj
WvTìÜäôGîèîŁôäÜäÜTìéÎê èETå|ôNåñÇèŁôäÓætèætÚíìﬀO£$QòíìÜäé	ä|ô0tÚíìﬀOUôNåÓæòítùy_1Qê ôäÓîJ(PTå<PíO1j
î>QòZªñÇèVíèädQçèæiPíŁôNæòäÜäÜíädOUôNæçåÜTŁôNÇåÑùtíqQ~ôxOUôNåÓæHXTìÜ¨äÑêëäÓåÆôNúìÜTúvV^kèäÜñÇètêl_
tÚíìﬀO£Tì$Qòäiúô"Q~ôGZYæòäVTå$Qòä	äÜåÓìÓèYPTåÓèìÜäVTYPíìÜ£î>Qçèä	îZTåÓæçåÜäS
ã
QPíCWÇæòTÇåéíYPGîJíèì
ìÜTîJíéYìÜ_IPTåÓåÜ`ñèäÜåÓæòí é1^ íèTìUôNèZ ïæòäÓåÜíìÓæòTä£é`Qê èæTWvTìÜäùyédîŁôNìÓåÓæçìD_Q~ô
ìÜ(PÜïTìP|ï éäîìÜTè>Wvä¨ñètê æTQ äÓå¨TYPíìÜ\îJíäÜäÓæ
ø
QòeéeìÜ(PíQçåÜTìÑù_ îŁôNìÓåÓæçìGéDQêëAOGæòä4j
äÓæòí*éYètíé*éYæJèähPíäﬀOGæòñÇèmìÜAQçæòñèGéÎêëAOGæòäÜäÜæòí3ñÇèæ0îìÜíW<æòTåVéÎê èGTîJí<ñè¨íq
Qê èæTWvTìÜä£Tå|ôNæçå¨îìÜäÜñÇèeåÜíå|ô"QòAO£Tå£ïíO£íú5XT TåGTñÇèæTQçæ
ø
ìÜ\åÓïTìﬀOGæòñÇè&o¨TåGé
éTåÜTìﬀOGæçTìRQòBO£íO£TåiíqQòä°îìÜAOGæòTìÜäií
ø
^ÓTåÜää|ªäÜíÇå<tÚíìﬀO£ädWÇæ~ôFQ~ôUúì|ô(W<æçå|ôNåÓæòíbS
vtiåÜAOGîä¥ïæòäÓåÜíìÓæòñÇè	äÜÆåÓì|ôNä4tÚíìﬀO£iîJíèì|Qòä<PÜïTìP|ïTèìÜäTåÜAOGîä	êPíäﬀO£íQòíúæòñÇèê
Tå	PAQçèæjkPTæŁä||O£äÓèìÜ¤T£é(PÑô"Q~ôNúväÓîZ(PTåÓì|ô"QùvíåÜ
z
S5vôiñÇèŁôNåÓæçåÜ
1+z
äÜåQòtÚôPTåÜTèì
îŁôNìRQòñÇèAQQê èæTWvTìÜä	äÑêëäÓå	TåÜTéYèﬁTÇåÓìÜxPTåÓåÜGTîZí<ñÇè1O£äÓèìÜGTåRQ~ôeåÓìÜ:S+u«TåÓåÜ
ñÇèŁôNåÓæçåÜdPíìÓìÜäÓîZíéeôNèäÜäÓæJôNèxtôPTåÜTèìîŁôNì	QòñÇèAQﬃQ~ô$QòíúèTèì«éÎêëíé°éJQ~ô$Qçè>OGæHXTìÜ
AOGæòäÜ1_xPTåÓåÜTîZí<ñÇè	îŁôNì°tê æTOGîZíìÓåÜñèAQ0í
ø
^ÓTåÑùŁTå°íèä¥îŁôNìﬀWvTŁôNÇåVôNè^ íèìÜéÎê ïÇèæù
ô¨TåÜ	TåÓæçìÜùé[_0QêëZ<îŁôNäÓæòíEéRQê èæTWvTìÜäS
S/ aa>}aN ¡¢Sa¢S£Ia¤JS¥¦§S©¨a¦7§ª S¥«¦§S©¬T­
®
 :¢p¯S :¦va}¦¦°±}£I :}¦­T}¦M¤J¢S¦¢S ¦
  èﬁåÓìXä	úì|ôNéé(PÑô"Q~ôNúvUäÓîJ(PTåÓì|ô"QVm _eåÓìXäVúì|ôNé
z
oPù{Qê èæTWvTìÜäªTå|ôNæçåVîìÜäÜñÇè
PíOGî>QHXTåÜAO£TåõïíO£íú5XTùGQ~ô«åÜAOGîZTì|ôNåÓèìÜÕéQ~ô,OUôNåÓæHXTìÜéYæTOGæçÇèŁôNæçåhT$OxwAO£yåÜAOGîä
ñÇèRQê èæTWvTìÜääêëTåÜTéôNæçåSﬃvtVî>Q~ôäﬀOUôGäÜiìÜ(PíO
ø
æçŁôYù6PêëäÜå4j _Gj×éYæçìÜªñÇèRQòäôNåÜíO£ääÜ
tÚíìﬀOxXTìÜTå_
z ' 1100 QòíìÜäÜñÇè|Q~ô°åÜAOGîZTì|ôNåÓèìÜTå|ôNæçåÕé T = 3000K 5PTåÓåÜ®îJTìÓæòí<é
Q   c la
(X7
	3K 7l 

	ª7G
/1a
i}3
}7.X?B

Yý
äÓåUôNîîJAQò]Q~ôÀìÜ(PíO
ø
æçŁôNæòä|íbS,u°êëäÓåF_ PTåÓåÜ TîZí<ñÇèeñÇè]QòtÚíééYæZèäFPíäﬀO£í"j
QòíúæòñÇèGìÜAOGî>Qçæçå$Qê èæTWvTìÜäVéÎê è£ì|ôéYæ~ôNåÓæòí>éíå$QòGäÜîZ(PTåÓìÜGTå|ôNæçåsPAQçèæÕéÎê è PíìÓîä
íæçì_PTåÓåÜ3åÜAOGîZTì|ôNåÓèìÜ:S¥óQçèädå|ôNìÜéÎù,Q~ô,åÜAOGîZTì|ôNåÓèìÜ*é(PTìÓèå Tå]Qò3äÓîJ(PTåÓìÜ*éYè
tÚíééYæZèäxPíäO£íQòíúæòñè ä|dåÓìÜíè>Wô3é(PÑô"Qò]WvTìÜäxQòdìÜíèúv:Sy ¥îìXäFP`é(Píèî>Q~ôNúv
ì|ôðvíAO£TÇå4jOUôNåÓæHXTìÜ\TåhQêëAOGæòäÜäÜæòíﬁé0PTåÓåÜì|ôéYæ~ôNåÓæòítùyQ~ôDOUôNåÓæHXTìÜGTå|ôNæçå	éôNäÆè
Tå|ôNåPíOGî>QHXTåÜAO£TåÕTèåÓìÜ:S
g
£ÎTåÑùôNèYPTè£í
ø
ä|TìﬀWôNåÜTèì#îìÜäÜTÇåäÓèì0î>Q~ôP$m _dPTåÓåÜ
TîJíÇñÇè&o0tê ôNèì|ôNæçå«îèFWvíæçì«éÎêëAWvTåÓèAQòä îïíåÜíä AOGæòäÑù5Qê èæTWvTìÜä«Tå|ôNå¤ô"QòíìÜäPíOGî>QHXj
åÜAO£TåTèåÓìÜùåÜíèå¤îïíåÜíÀAOGæòä¥Tå|ôNæçå¤æTO\O£éYæ~ôNåÜAO£TÇåiTå®æçìÓìÜAO£éYæ~ô
ø
QòAO£Tå	ô
ø
j
äÜíì
ø
:Sóhíèì«(PAQ~ôNæçìÜTì3PTåyèæTWvTìÜä3PíOGî>QHXTåÜAO£Tå íæçìÑùæTQ¹ôVtô"QTQçè\ôNåÓåÜTéYìÜ<QòíúåÜAOGîä
ñÇèVQòä¤îìÜAOGæòTìÜä¤í
ø
^ TåÜä®ä|<tÚíìﬀO£TåéôNä|PhOGæTQçæòTè`TèåÓìÜ	TåtìÜíæòéÎùäÜíèä,QêëÎTå¤é
Q~ô\úì|ô(W<æçå|ôNåÓæòíŁS
g
*JTåÑùZéYèì|ôNå$PTåÓåÜ¨îJTìÓæòíÇéªíæçìÜmîŁôNì4tÚíæòäÆôNîîJAQòdê QêlNúvGäÜíO1j
ø
ìÜêçùy®ôNìﬀaôNŁô  vtí<
ø


Yý&oJQòúô"r£ôNåÜíOGæòñÇèGTå|ôNæçå°åÜíè^ÓíèìÜäiñÇèŁôäÓæjïíO£íú5XT£Tå
äÜTè>QòAO£TÇåªè\åÓìXäRtôNæ
ø
Qò\tì|ôPTåÓæòí,éDP£úô"rdô`îèä|GåÓì|ôNä4tÚíìﬀO£TìTnO£íQò(PTè>Qòä
åÜAQTQòä ñè
H2,HD
Tå
LiH
QòíìÜäÜñèVQ~ôVåÜAOGîZTì|ôNåÓèìÜiéYæTOGæçÇèŁôªTå íq`Q~ôVéTäÜæçåÜTå|ôNæçå
äÓè

ä|ôNÇåÜ:S
vtäí
ø
äÜTìﬀWôNåÓæòíäÕJ(PTåÓèäéôNäQò|PÑôéYìÜ¤é,Q~ôhPíäﬀO£íQòíúæò¥ôPTåÓèAQTQò¤ìÜTtíìPTÇå
QòîŁôNì|ôéYæçú:O£iéä,O£íÇé>XAQòä édOUôNåÓæHXTìÜ°íæçìÜ<tìÜíæòé:SYu«äO£íÇé>XAQòä®äÓèîîJíäÜTÇå ñÇètêëT
î>Qçèä®édQ~ô0OUôNåÓæHXTìÜiíìÜéYæçŁôNæçìÜù/tÚôNæçåÜÆéÆîìÜíåÜíäÑù<TèåÓìÜíä¤Tå¤AQò(PTåÓìÜíäù>PêëäÓå4j _Gj×éYæçìÜ
Q~ôOUôNåÓæHXTìÜ
ø
ôNìÓðvíæòñÇèùÕæTQ°Z<æòäÜåÜEôNèäÜäÓæèOUôNåÓæHXTìÜ3éYæçåÜ>ê íæçìÜêTS|u«AQTQòjkPTæiäÜTì|ôNæçå
PíäÓåÓæçåÓè`éeîŁôNìÓåÓæHPTè>Qòä¨däÓè
ø
æòäÜä|ôNÇå£ôNèYPTè ôNèåÓìÜ\æçÇåÜTì|ôPTåÓæòí ñÇèPAQTQòdéQ~ô
úì|ô(W<æçåÜ	Tå¥ñÇèætTå|ôNæòTå¥æçæçåÓæ~ô"QòAO£TåVtìÜíæòéäsmæSë:SYQòä®îŁôNìÓåÓæHPTè>QòäôWôNæòTÇå¥è	éYæòäÓîJTì4j
äÓæòíT WÇæçåÜä|äÜUåÓìXäBtôNæ
ø
Qò&oS	u«TåÓåÜOUôNåÓæHXTìÜdíæçìÜFtìÜíæòédäÓå¨(PäÜä|ôNæçìÜeîJíèì¨Z/j
î>QçæòñÇèTì<Qòä èYPTåÓèŁôNåÓæòíäîìÓæTO£íìÜéYæ~ô"QòäÆé$tÚôNæ
ø
Qòô"OGî>QçæçåÓèéªñÇèæhíÇå°TäÓèæçåÜVúì|ôNéYæ
^ èäÜñètêl_1tíìﬀO£TìVQòä¤î>Qçèäúì|ôNéääÓåÓìÓèYPTåÓèìÜä1múô"Q~ôGZYæòäÑù¹ô"OUôäSTSTSpoSyu«(PTæíèäÆô"OxXT
_]Q~ô]tíìﬀOUôNåÓæòí,éäVîìÜAOGæHXTìÜä¨TåÜíæTQòäS
g
ÎTåÑùbQêlNúveäÜíO
ø
ìÜ\äÑêëäÜå	åÜTìﬀOGæçeôWv(P
Q~ôxtíìﬀOUôNåÓæòíﬁé0PAQTQòä4jkPTæSJóhíèìiîJíè>WvíæçìdtíìﬀO£TìRPäÆTåÜíæTQòäÑù8Qòªúô"rGôNåÜíOGæòñÇè¨éíæçå
äÓèæTW<ìÜù*_PÑôNèäÜUéDQ~ô`úì|ôWÇæçå|ôNåÓæòítùQ~ô]OUôNåÓæHXTìÜ\íæçìÜeñèæ ô é^_`tÚíìﬀO£\éäVïŁô"QòíäS
vtäyÎíéYìÜAO£TåÜä®äÜíåîZíäÜäÜæ
ø
Qòä#ñè®éôNäQòä0îèæçåÜäé îZíåÜTÇåÓæòAQŁäÓè

ä|ô"O\O£TÇå
úì|ôNéäSu«(PTæ ôNìÓìÓæTWvDQòíìÜäÜñÇèxQ~ôOUôäÜäÜ\éYè>ïŁô"QòíÀäÓåVî>Qçèäúì|ôNéeñèFQ~ô]OUôäÜäÜeé
N
ÑôNä£éYèúô"rx_Q~ôÀåÜAOGîJTì|ôNåÓèìÜ]W<æçìÓæ~ô"QçæòäÜﬀdTåGîZíèì\Q~ô3éTäÜæçåÜ éYè OGæTQçæòTè æçj
åÜTìÓúô"Q~ôPTåÓæòñÇèù6PªñèæõäÓå¥ä|ôNåÓæòä4tôNæçåJQòíìÜäÜñÇè
Tvir ≥ 100K
m3Qçè>O£TÇåÓïŁô"QõTåÆô"QSý
ö÷
þù
u«íèYPÜï>OUôN Tåªô"QSÕý
ö÷
5oS
f
ôNä$QòäiïŁô"QòíäéGåÜAOGîJTì|ôNåÓèìÜ£î>Qçèä
ø
ôäÜäÜù{Q~ô îìÜäÜäÓæòí
éYè,úô"r\äÓåäÓè

ä|ôNåÜeîJíèìªAOGîyw(PÜïTì1Qò£úô"rdéUäêëJíéYìÜTìS
f
£î>QçèäªæTQ	tôNèåªñÇè
QòÆúô"rVäÜÆìÜtìÜíæòéYæòäÜäÜ|^kèäÜñÇètêl_0P	ñÇèiéä¤éTäÓæçåÜä¥äÜè

ä|ôNåÜääÜíæòTåôNåÓåÜTæçÇåÜä¥îJíèì
tÚíìﬀO£Tì	éä	TåÜíæTQòäS+u«¨ìÜtìÜíæòéYæòäÜäÜAO£TåªéTîZTé*é
Tvir
éYè*ïŁô"Qòí`Tå	é1Q~ôPíOGîJí"j
äÓæçåÓæòí>éYè*úô"r5S+vtGúô"r£îìÓæTO£íìÜéYæ~ô"Q«Tå|ôNæçåVäÜäÜTÇåÓæòAQTQòAO£Tå1PíOGîZíäÜGéÎê ïÇð<éYìÜíú5XTeTå
éÎê ïAQçæçè>O)ôNåÜíOGæòñÇèäSYvê ïðYéYìÜíú5XTôNåÜíOGæòñÇè	iîJTèå¤ìÜtìÜíæòéYæçìJQòiúô"rVñÇèRQòíìÜäÜñÇè
Tvir > 10
4K
ùCPêëäÓå4j _Gj×éYæçìÜdQòíìÜäÜñè<Qòä3PíQTQçæòäÜæòíäÕîJTìﬀO£TåÓåÜTå®éÎêëZ>PTæçåÜTì«Tå é¤æòíæòä|Tì
Qòä ôNåÜíO£ä éÎê ïÇð<éYìÜíú5XTﬁùQò3úô"r3îJTèåô"QòíìÜä`äÜIPíåÓì|ôPTåÜTìETåtÚíìﬀO£Tì]QòädîìÜj
OGæòTìÜäÆí
ø
^ TåÜä&S{}ÇæQêëíIPíäÓæòé>XTìÜ¨èEæçÇåÜTìﬀWô"QTQò¨æçÇåÜTìﬀO£éYæ~ôNæçìÜGé
Tvir
ùZîŁôNì°ZAOGî>Qò
100K < Tvir < 10
4K
ù&QòÕìÜtìÜíæòéYæòä|äÜAO£TåyôNåÜíOGæòñÇè®éYèªúô"r ÕîZTèåõîŁôä0äÜìÜÑô"Qçæòä|TìÑù
ﬂﬃ! #"$ &%'%'(*)+(-,.(/ 0%)21 30546 7*8#30(-9(;:'<= &>?0(<("A@CB;:= <3+:(D(;<)+(0%'>E<B-(%<FG #"$ &%'%'(-"A>?0>G"$ F?(
:(/H
3>?%'(@CI.3:JHK3(DFG L4:= /M+>E<B-)+B@ %'%'(DF?(4:= .)>?(0
<)+(D@:(;%'%'>GI&0N(;<J &"AO0( &>?0%'>2F?(46 &7*8*%1 (;PI.0)+:(;:/Q
R
Tvir
H
3>2(;%<@+:I.@CI:'<>GI&00(F?FG(S8#F1 B0(;:4.>?(*9>?0B;<>GH
3()3N4. &7.Q
Tﬃ2(%A <I."A(%A)1 UBF?>?3"V0B9(;%'%'>?<(;0K<W(09I:(X@F?3%W)21 B0(;:4.>?(X@CI&3:W:B &F?>?%'(;:$30(Y<':= 0%'>E<>?I.0[Z\3%]
H
3!1  &3$@+:("A>?(;:J0>?M6( &3Y)21 (;^+9>E<= <>?I&0XH
3(F?(%_ <I&"A(%J)21 U
`)+:I&4.O0(.aK(;<_)+I.09F1 UBF?>?3"b0(D@C(;:"A(c<d30
:(;ef:I.>G)>?%'%'("A(0
<H
3!1 8W)+(%d<("A@CB;:= <3:(%J@FG3%_BF?(M6B(%H
3(D@CI.3:_F1 U
`)+:I.4&O0(&Q

 	
  

TåVTnQê ô
ø
äÜTYPUéäªAQòAO£TåÜä0QòíèìÜéäVñÇèæäÜTìÜíÇåª^Ó(PTåÜäVî>QçèäVå|ôNìÜéﬁîŁôNì$QòäªTåÜíæTQòä
OUôäÜäÓæTWväù:Qò¤äÜTè>QŁAQòAO£TÇåÕîJTìﬀO£TåÓå|ôNå3Qò¤ìÜtìÜíæòéYæòäÜäÜAO£TÇåÕäÓå
H2
S
g
åäÜTè>Qò®è¥åÓìXä
tôNæ
ø
QòGîŁôNìÓåÓæòUéYèﬁúô"r\éôNäsPä	îìÜAOGæHXTìÜä$tíìﬀOUôNåÓæòíä¨ôdîè>ä|¨åÓì|ôNä4tíìﬀO£TìT
H2
m}YôäﬀQ~ô @Tåô"QSý
ö
vû<ù
c
Tú:OUôNìﬀa£Tåô"QSý
öö
û:oiP¤ñÇèæ>QçæTOGæçåÜJQò å|ôNèZ£é ìÜtìÜíæòéYæòäÜäÜAO£TÇå
éYè>úô"r5S
f
ê ôNîìXäsQòääÓæTOªè>Q~ôNåÓæòíäÑùQòäVîìÜAOGæHXTìÜä¨TåÜíæTQòääÜUäÜTì|ôNæòTÇåstÚíìﬀO£ä¨éôNä
Pä<PíéYæçåÓæòíäÆéôNä°éä¤ïŁô"Qòíä°é	åÜAOGîJTì|ôNåÓèìÜ
Tvir ' 2000K
TåôNèì|ôNæòTåiTè è
OUôäÜäÜUé ∼ 106 M
Su«ä	îìÜAOGæHXTìÜäTåÜíæTQòä$O£í<éYæeﬃXTìÜTå0QòTèìVT W<æçìÜíAO£TåGT
æòíæòä|ôNÇå$PAQçèæjkPTæyTå°TIQêëTìÓæHPÜïæòä|ä|ôNåVTIO£Tå|ôNèZÎùZíå|ô"O\O£Tå	îŁôNìhQòä°åÜíèåÜäÆîìÜj
OGæHXTìÜä«äÓèîZTìÓí&Wô:S>u«AQTQòä4jkPTæJíå®ôNèäÜäÓæîèdôP(PAQòTìÜTì3Qò¥úô"r°Tå3Qò|tôNæçìÜ¤åÜíO
ø
Tì éôNä
éä®í
ø
^ÓTåÜä«TYPíìÜÆî>Qçèä,OUôä|äÓætä&S vô¨ñÇèäÓåÓæòí`ñèæJäÜ°îJíäÜ°ô"QòíìÜä®äÜå YñÇèŁôNéeä|äÜíÇå
tÚíìﬀO£ä,Qòä îìÜAOGæHXTìÜä¥TåÜíæTQòä$vôìÜTîZíä|têëäÜå«îŁôä®äÜæTOGî>QòùTå®ìÜñèæòTìÓå,Qê ôNŁô"QçðYäÜ
éä èYPTåÓèŁôNåÓæòíäéGéTäÓæçåÜGîìÓæTO£íìÜéYæ~ô"Qò:ShóhíèìsPAQ~ô]QêëTåÓèéxPíOGî>QHXTåÜ£éYè>äÓîJ(PTåÓìÜ
éÆîèæòäÜä|ôNYPiäÜå®(PäÜä|ôNæçìÜ	ôGe éiéTåÜTìﬀOGæçTì<QòTèì,tìÜñÇèTYPiTå|QòTèì¥ô"OGî>QçæçåÓèé:S
}<AQòíŁPä1tôPTåÜTèìÜä£íäÓåÓæTO£`ñÇè`Qòä¨îìÜAOGæHXTìÜäUTåÜíæTQòä£íÇåGîè äÜtíìﬀO£Tì£TÇåÓìÜ
z ' 30 Tå z ' 40 éôNä|Qòä|O£í<é>XAQòä¥éhOUôNåÓæHXTìÜVíæçìÜhtìÜíæòé:S
vyêëÎTå$Qò¨î>QçèäiæTOGîJíìÓå|ôNåñètê ôdTèQ~ô`tíìﬀOUôNåÓæòí>éÎêëTåÜíæTQòämíèﬁéÎê ôNèåÓìÜäVí
ø
^ÓTåÜä
î>QçèäROUôäÜäÜætäﬁoäÓèìRQòTèì	TCWÇæçìÜíAO£TÇåstèåhQ~ôeìÜTæòíæòä|ôNåÓæòíéYè*úô"r£éôNä$Qê èæTWvTìÜäS
vtíìÜäÜñÇèQòäîìÜAOGæòTìÜä0í
ø
^ TåÜähäÜtÚíìﬀOxXTìÜTåÑùGQòätîïíåÜíä0AOGæòä{tèìÜTåõæTO\O£éYæ~ôNåÜAO£Tå
ô
ø
äÜíì
ø
ä#îŁôNìQò úô"rV_°åÓìXäïŁôNèåÜ¤éTäÓæçåÜ ìÜäÓæòéôNÇåÕéôNäQò¤ïŁô"Qòí>SCu«(PTæŁäÓåyé[UôNè\tôNæçå
ñÇèRQòä¤îïíåÜíä¥æòíæòä|ôNåÜä°éôNäJQê è>QçåÓì|ôWÇæòíQòTåÆíåè îŁôNìPíèìÜä<O£íðvTåÓìXäVPíèìÓåd_
åÓì|ô(WvTìÜähPVúô"rªäÜäÜTÇåÓæòAQTQòAO£Tå	ôNåÜíOGæòñÇè:S6vtsOGæTQçæòTèEæçÇåÜTìÓúô"Q~ôPTåÓæòñè1PíO\O£T  Ñô`_
wTåÓìÜªìÜTæòíæòäÜsQòíìÜä|ñèªéä°ä|íèìPääÓè

äLô"O\O£TåÆîèæòäÜä|ôNÇåÜäîèìÜTÇåÆæòíæòäÜTìåÜíèådQò
úô"rVéôNä<QòTèì¥îìÜíîìÜ	ïŁô"QòíùŁîZTìﬀO£TåÓå|ôNÇå°ôNèZ`îïíåÜíäæòíæòä|ôNåÜä°é	äÑêë(P|ïŁôNîîZTìS6vô
ìÜTæòíæòä|ôNåÓæòí£äÑêëäÜåõéíYP éTìÜíè>Qò«îŁôNìiQêëZ<îŁôNäÓæòíGéÆê
ø
è>QTQòäÑêéÕìÜTæòíæòä|ôNåÓæòíUôNèåÜíèì
éäiäÜíèìPäÑùÎä|TîŁôNì|ôNå$Qê èæTWvTìÜä	Tê
ø
è>QTQòäÑêJæòíæòä|ä	TåÆèOGæTQçæòTè>ôNåÜíOGæòñè£TÇåÓìÜ
Qòä
ø
è>QTQòä0m ¥ìÜíä¤Tå¥ô"QSý
ö
û5oS6u«ä
ø
è>QTQòä®æòíæòäÜäíå¤úì|ôNéYæhTå¤äÜiäÜíå¥ìÜ^ íæçÇåÜä
^ èäÜñètêl_1PVñèhQòä¥ìÜTúæòíäJQòä|O£íæçäéTäÜä¤éRQê èæTWvTìÜä°äÜíæòTå¥æòíæòäÜäS è`eŁô"Q
QòOGæTQçæòTè£äÓåõîìÓæçYPTæçîŁô"QòAO£Tåæòíæòä|«Tå#í¨îJTèå0TYPíìÜ®í
ø
ä|TìﬀWvTìyéähìÜäÜæòéYèä0TèåÓìÜä
TEô
ø
äÜíìÓîåÓæòíEéôNä|Qòä¥äÓîJ(PTåÓìÜä¤éÎêëí
ø
^ÓTåÜä|Qòíæçå|ôNæçä&S
vtä	îìÜTè>WväVéxPTåÓåÜ¨ìÜTæòíæòä|ôNåÓæòíîìÜíW<æòTTåé\Qêëí
ø
äÜTìﬀWôNåÓæòí>éä	äÓîJ(PTåÓìÜä
éñèŁôä|ôNìÜä&S
N
VìÜAWÇæòTéYì|ôNæ0î>Qçèä°TÀéTå|ôNæTQ0äÓèìVPªñèäÜíÇåVQòä°ñèŁôäLôNìÜäŁTEìÜäÓè>O£
P	äÜíÇå¥éä¥í
ø
^ÓTåÜä¥ZYåÓìwAO£AO£TådQçè>OGæçTèZ ñèæhäÜiåÓìÜíè>WvTåÆôNèPTåÓìÜéiúô"Q~ôGZYæòä
Qòíæçå|ôNæçä¥Tå¤ñèæJäÜíå¥ô"QçæTO£TÇåÜä®îŁôNì|Qê ôP(PTìÜTåÓæòí édOUôNåÓæHXTìÜ	ôNèåÜíèì¤é°åÓìÜíèä®íæçìÜä
äÓèîJTìVOUôä|äÓætä&S  °ì9P1_xQòTèì°åÓìXä°úì|ôNésQçè>OGæçíäÜæçåÜù¹æTQòäÆäÜíÇåèåÓæTQçæòä|äîŁôNìdQòähPíä4j
O£íQòíúæòäÓåÜäPíO\O£¥éä3Q~ô"OGîZäÕéíå3QòäÕäÓîJ(PTåÓìÜäyîJTìﬀO£TåÓåÜTåÑùCW<æ~ôhQêëTåÓèé¥éäÕì|ôNæòä
éÎê ô
ø
äÜíìÓîåÓæòítùÎéÎêëZYåÓì|ôNæçìÜªéä°æçtÚíìﬀOUôNåÓæòíäiäÓèìdQêëTå|ôNåÆéBQ~ôFOUôNåÓæHXTìÜäÜæçåÓèsQòBQòíú
é1Q~ô`Qçæçú£é1W<æòäÜ:S{vtäVäÓîZ(PTåÓìÜäVéä	ñèŁôäLôNìÜäRO£íåÓìÜTÇåBQ~ôeîìÜäÜTYPUé\Qçè>OGæHXTìÜ
Tj×é _é<Q~ôBQòíúèTèì®éÎêëíéÆéÎêëAOGæòäÜäÓæòí]vÎð/OUôNj
α
éVQê ïðYéYìÜíú5XT:SﬃìÑù<äÜæﬃQòVOGæj
QçæòTè`æçåÜTìÓúô"Q~ôPTåÓæòñÇèVTå|ôNæçåVPíOGî>QHXTåÜAO£Tåä|íèätíìﬀO£iéÎê ôNåÜíO£äTå®ïíO£íú5XTùåÜíèå
îïíåÜíAOGæòäJ_èhQòíúèTèì¤éÎêëíéiî>Qçèä|PíèìÓåÜVñèhvÎð/OUôNj
α
m ýÑYý:S G>ODo«äÜTì|ôNæçå
ô
ø
äÜíì
ø
:SYu«TåÓåÜiäÓèîîìÜäÜäÓæòí`éYèèZ_ªî>Qçèä îZTåÓæçåÜdQòíúèTèì¤éÎêëíéiñÇè<QêëAOGæòä|äÓæòí
vÎð/OUôNj
α
äÓåUôNîîZAQòQêëJTå  °èj×óõTåÜTìÜäÜí m ý
ö
ü5oS
f
ôNäxQòä£ñÇèŁôä|ôNìÜä£äÜæçåÓèäF_
è é(PÑô"Q~ôNúv`äÓîJ(PTåÓì|ô"Q®æçtTìÓæòTèìF_3YùiPTå£ÎTåtêëäÜåGîŁôä¨ìÜTåÓìÜíè>Wv:S#  Q~ôÀî>Q~ôP`í
í
ø
äÜTìﬀWvªè èZ îŁôNìÓåÓæòAQTQòAO£TÇåiô
ø
ä|íì
ø
ù8PVñÇèæ*PíìÓìÜäÓîJíé_FPªñÇèæäÓåÆôNîîZAQòBQ~ô
tÚíìwTå,vtðCOUôNj
α
Çè`úì|ôNéeíO
ø
ìÜ	é°ì|ôNæòä®éÎê ô
ø
äÜíìÓîåÓæòíä¥éVtÚíìPä®éYæJTìÜTÇåÜä|Qò
QòíúUéYèäÜîZ(PTåÓìÜ:SYväôNåÜíO£ä¥éÎê ïÇð<éYìÜíú5XTªéôNäJQòROGæTQçæòTèæçåÜTìÓúô"Q~ôPTåÓæòñÇèVîìÜí<éYèæj
ä|ôNÇåsPäªô
ø
äÜíìÓîåÓæòíäVìÜTîìÜäÜTåÜTÇåªèUîZTåÓæçåÜ\tì|ôPTåÓæòí>éxQê ïðYéYìÜíú5XT£åÜíå|ô"QùñÇèæ
Q   c la
(X7
	3K 7l 

	ª7G
/1a
i}3
}7.X?B


 
äÓå°TEñÇèæTQçæ
ø
ìÜªéVîïíåÜí"jæòíæòä|ôNåÓæòí>ô(Wv(PBQòRtÚíéPíäﬀOGæòñÇè	æòíæòäLôNåÆîìÜíÇéYèæçåîŁôNì
Qòäiúô"Q~ôGZYæòäVTå$QòäVñèŁôä|ôNìÜäDm
~
ôNèYPÜï@ý
öö÷
oS+vtäiì|ôNæòäªéÎê ô
ø
äÜíìÓîåÓæòínPíìÓìÜäÜîZíéTÇå
ôNèZWôNìÓæ~ôNåÓæòíäiéGéTäÓæçåÜ¨é1Q~ôDOUôNåÓæHXTìÜGéôNähQò0OGæTQçæòTè*æçåÜTìÓúô"Q~ôPTåÓæòñÇè:Su«äÆí
ø
j
äÜTìﬀWôNåÓæòíäO£íåÓìÜTåñèdQ~ôsOUôG^ íìÓæçåÜÆéä
ø
ôNìÓðvíä®äÜåÓìÜíè>WvTå¤äÜíèä3tÚíìﬀO£°æòíæòäÜäS
f
dî>QçèäÑùQêëTåÓèé éäUäÓîZ(PTåÓìÜäUé ñèŁôäLôNìUôÀìÜAWvAQò ñèQ~ôOUôG^ íìÓæçåÜ éä
ø
ôNìÓðvíä
éôNä1Qê èæTWvTìÜäÑù_Eèé(PÑô"Q~ôNúv`äÓîZ(PTåÓì|ô"Q®äÓèîJTìÓæòTèìx_
 
ùhäÜeåÓìÜíè>WvdéôNä1QòOGæTQçæòTè
æçåÜTìÓúô"Q~ôPTåÓæòñÇè:S
 

ý:Sçý}ÇîJ(PTåÓìÜiéYè`ñèŁôä|ôNì Æ
Nþü
 
jþ
 
í
ø
ä|TìﬀWv	ô(Wv(P
VUdg
}8SõæçúèìÜÆæòäÜäÓè°éhQ~ô
åÓïYXäÜ	éR®ôäÓåÓæòTE ¥ì|ôPTæTQS

äÜîZ(PTåÓìÜ é,ñèŁôä|ôNì3T AOGæòäÜäÓæòíﬃäÓå3äÜäÜTåÓæòAQTQòAO£TÇå PíäÓåÓæçåÓè é,ì|ôNæòä
éÎêëAOGæòäÜäÓæòí=åÓìXätÚíìÓåÜä`Tå`Q~ôNìÓúväÑù è PíåÓæçÇè8T Qòíæié3îèæòäÜä|ôNYP3éôNä]Qòädéí"j
OUôNæçä«ì|ôéYæòíù 1¨ùvè>QçåÓì|ôGjW<æòíQòTåÑù<íîåÓæòñè°TåÕæçtì|ôGjìÜíèúv1m2WvíæçìÕîŁôNìÓåÓæò
 
Sçý&oSCväÓîJ(PTåÓìÜ
T*ô
ø
äÜíìÓîåÓæòíÀñÇèæhä|VäÓèîJTìÓîZíä|ªôNèPíÇåÓæçèﬁäÓå°é[3ôNèOGæTQçæòTèEæçÇåÜTìÓúô"Q~ôPTåÓæòñèGñÇèæ
Q~ôNæòäÜäÜ¨äÜí*AOGîìÜTæçÇåÜ£éôNähQò¨äÓîZ(PTåÓìÜ¨éäiñÇèŁôä|ôNìÜäÆí
ø
äÜTìﬀWväÑùZíå|ô"O\O£TåBQê ïðYéYìÜí"j
ú5XT®TèåÓìÜ|W<æ~ôdQ~ôVtÚíìwTåvÎðCOUôNj
α
S:vtä	O£Tå|ôNèZ¨ñÇèæYPíOGîZíä|TåTxO£íæçéYìÜ¤îŁôNìÓåÓæò
Qò`OGæTQçæòTè æçÇåÜTìÓúô"Q~ôPTåÓæòñèíèäGìÜTäÜTæçúTåeäÜäÜTÇåÓæòAQTQòAO£Tå\äÜèì\Q~ôÀîìÜí(ZYæTOGæçåÜé
äÓèì4j×éTäÓæçåÜä íè`éÎêëí
ø
^ÓTåÜäÕåÜAQòä ñÇè¥éä«úô"Q~ôGZYæòä,_VîìÜí(ZYæTOGæçåÜiéVQ~ô$QçæçúÆéVWÇæòäÜ°éYè
ñÇèŁôä|ôNìS
N
|WôNæòäyîŁôä|äÜTìyT£ìÜAW<è¤ì|ôNîæòéAO£Tå ñÇèAQòñèä#îìÜíîìÓæòTåÜäÕúvTTì|ô"Qòä«éäÕô
ø
äÜíì
ø
ôNÇåÜä
éôNä]Qòä äÜîZ(PTåÓìÜä`éä ñÇèŁôä|ôNìÜäÑù|_ ñÇèíæiæTQòä äÜíÇå`ìÜAQçæòä TåPíO\O£TåEæTQòä`îZTè>WvTÇå
íèä ôNîîZíìÓåÜTì«éäyæçtÚíìﬀOUôNåÓæòíä«äÜèìQò|OGæTQçæòTèeæçåÜTìÓúô"Q~ôPTåÓæòñÇè:S/väÕô
ø
äÜíì
ø
ôNÇåÜä«ñÇèæ
îJTè>WvTåhwTåÓìÜ$W<èä¥éôNäVQòä¥äÓîJ(PTåÓìÜä¥éªñèŁôä|ôNìÜäéíæTWvTådtÚíìPAO£TåhwTåÓìÜsPíOGîJíäÜä
éÎêëAQòAO£TåÜä£ôÑðôNåGè\åÓì|ôNäÓæçåÓæòí ôNåÜíOGæòñèeñÇèæÕîJTìﬀO£TåéDQòä¨í
ø
äÜTìﬀWvTìGô(Wv(PQòä
O£íÑðvTä åÜ(P|ïíQòíúæòñèä¤ôNè^ÓíèìÜéÎê ïèæÎéYæòäÓîJíæ
ø
QòäS
f
ôNäPTìÓå|ôNæçä,PÑôäÕæTQZäÜåîJíäÜäÓæ
ø
Qò
éÎêëí
ø
äÜTìﬀWvTìDQê ô
ø
äÜíìÓîåÓæòí@îŁôNì\éäxO£íQò(PTè>QòäS,u«íO\O£Qò]OGæTQçæòTèÄäÓåUéôNäUäLô3î>Qçèä
úì|ôNé®îŁôNìÓåÓæò æòíæòäÜùvæTQäÓå#äÜäÜTåÓæòAQTQòAO£TÇååÓì|ôNäÓîŁôNìÜTÇåÕä|ôNètJéôNäQê è>QçåÓì|ôGjW<æòíQòTåÕíq
QêëíîZTèå*Wvíæçì+Q~ô¥åÓì|ôNäÓæçåÓæòí0vtðCOUôNj
α
TGô
ø
äÜíìÓîåÓæòíbS
ã
Q<äÓåtîJíäÜäÓæ
ø
Qòé«éTåÜ(PTåÜTì0éä
ì|ôNæòäõäÓæçåÓèäéôNä*Qê è>QçåÓì|ôGjWÇæòíQòTå#ôNèsO£íO£TÇåõé	Qê ô
ø
äÜíìÓîåÓæòí1PÑôNì*PñÇèQêëíí
ø
äÜTìﬀWv
äÓåT tôNæçåsQ~ô]OxwAO£\åÓì|ôNäÓæçåÓæòí é(PÑô"Qò\éÎê èntôPTåÜTèìm ý

rGoPù
λobs = (1 + z)λlab
S
c
ð<îæòñÇèAO£Tå	îJíèìRQ~ô\åÓì|ôNäÓæçåÓæòí vÎð/OUôNj
α
ù8Qêëí
ø
äÜTìﬀWôNåÓæòí*îZTèå	ä|$tôNæçìÜx_\îŁôNìÓåÓæçì
Nþ
 	
  

éÎê èé(PÑô"Q~ôNúvªäÓîZ(PTåÓì|ô"Q	m2rGo®éGý:S
÷
ôNîîìÜí(ZYæTOUôNåÓæTWvAO£TåS
vtäyô
ø
äÜíì
ø
ôNÇåÜä#îJTè>WvTå#úvTTì|ô"QòAO£TåwTåÓìÜ,PAQ~ôäÜäÓæeŁä#äÜAQòí1QòTèì#éTäÓæçåÜ®é,PíQòí
ñÇèæ*PíìÓìÜäÓîJíéÀôNèÀíO
ø
ìÜ¨éÎê ôNåÜíO£ä°îŁôNì°èæçåÜªéªäÓèì4tÚôPªîìÜäÜTÇåÜäVQòsQòíúeéBQ~ô
QçæçúeéxW<æòäÜ:S*vhô`tÚíìwTå0vÎð/OUôNj
α
Tå|ôNåGéYèeäÜäÜTÇåÓæòAQTQòAO£Tå£ôNènOGæTQçæòTè,æçåÜTìÓúôGj
Q~ôPTåÓæòñÇèùQòä£ô
ø
äÜíì
ø
ôNåÜäeäÜíÇå\WÇèäGéôNä\Q~ôÀîŁôNìÓåÓæò
ø
QòTè é`QêëAOGæòäÜäÓæòíŁvÎð/OUôNj
α
éYèñÇèŁôä|ôNìÑùTå¥íÇå¥å×ð<îæòñÇèAO£Tå¥èVéTäÓæçåÜ	é$PíQòí 0m
ã
oÕéRQêëíìÜéYìÜªé
1014
atomes/cm2
S
z3ôNæòäRQ~ôdéYæTWvTìÜäÓæçåÜGéäiì|ôNæòäVí
ø
äÜTìﬀWväVäÓåÆúì|ôNéùhéädtÚôNæ
ø
Qòä	éTäÜæçåÜä	é\Pí"j
QòíR^ èäÜñÇètêl_`éäéTäÓæçåÜäVäÓèîJTìÓæòTèìÜä1_
1020
ôNåÜíO£äªîŁôNìBPTÇåÓæTOxXTåÓìÜDPÑôNìÓìÜùõí
îŁôNìﬀQò¨éôNäRP1PÑôä°é¨äÓðYäÓåXAO£ädQòíìÜTåﬀræòTä&S*u«äÆéTìÓæòTìÜä	íåiéäiéTäÓæçåÜäié0Pí"j
Qòí	äÜAO
ø
Q~ô
ø
Qòäd_1PAQTQòäéä¤úô"Q~ôGZYæòä¤äÓîæçì|ô"QòäéÎê ôNè^ íèìÜéÎê ïÇèæõíè_1QòTèìÜä¥îìÜíúvTæj
åÜTèìÜäS
f
OxwAO£,Qòä#ì|ôNæòäiQòä0î>QçèäitÚíìÓåÜä#é,Q~ô<tíìwTåÑù:PíOGîìÜTŁôNÇåúvTTì|ô"QòAO£Tå«éä
O£Tå|ôNèZåÜAQòäÆñÇè1u

íèIzú
 
äÜíåiôäÜäÜí/PTæòäh_Uéä°ïŁô"QòíäÆéVúô"Q~ôGZYæòäSZ ﬃîŁôNìÓåÓæçì
édQêëí
ø
äÜTìﬀWôNåÓæòí éä¤ô
ø
äÜíìÓîåÓæòíä¤éôNä,Qòä®äÓîJ(PTåÓìÜä éä®ñèŁôä|ôNìÜäùÇæTQÎäÓå îJíäÜäÓæ
ø
QòÆé
ìÜ(PíQçåÜTì®éäæçtÚíìﬀOUôNåÓæòíä®äÓèìQ~ôVéTäÜæçåÜéYèeúô"r<tÚíìﬀOUôNå,QòVOGæTQçæòTè\æçÇåÜTìÓúô"Q~ôPTåÓæòñè
Tå¤éiìÜTåÓì|ôPTìVQ~ôBtíìﬀOUôNåÓæòíéääÓåÓìÓèYPTåÓèìÜäS
f
®î>QçèäQòäÕäÓæTOVè>Q~ôNåÓæòíäÕíèäôNîîJíìÓåÜTå«è\O£íÑðvT\

PÑôPéJPíOGîŁôNìÜTì	Qòäí
ø
äÜTì4j
WôNåÓæòíä°ôNèZ`åÓïíìÓæòäÆTåÓì|ôNæçå|ôNÇåúô"rTå<OUôNåÓæHXTìÜªíæçìÜVäÓæTOªè>Qçå|ôNAO£TåS{vyê èéä
TåÓèéä3Qòäî>QçèäæTOGîZíìÓå|ôNÇåÜä,O£TäÕäÓèì	QòJOGæTQçæòTèeæçåÜTìÓúô"Q~ôPTåÓæòñÇè<tèå	Q~ôiìÜ(PÜïTìPÜï
éVQ~ô	å|ôNæTQTQò°éä®ô
ø
äÜíì
ø
ôNåÜäSYóõTéôNåJQòíúåÜAOGîä í`ô(WôNæçå®T\åwTåÜVQê æTOUôNúvÆéÎê ô
ø
äÜíì4j
ø
ôNåÜädPíO\O£VTå|ôNÇåéä¥èŁôNúväÑù6Píeä¥îŁôNìJQ~ô£úì|ô(W<æçå|ôNåÓæòítùŁîìÜä|äÓæòítùTåP:STSTSŁ <e
éPíåÓì|ôNæçéYìÜ|Q~ô¥å|ôNæTQTQò é3PäõèŁôNúvä0æTQôJtÚô"QTQçèèåÓæTQçæòäÜTì#éäõîŁôNæçìÜä#éÕñÇèŁôä|ôNìÜä|méôNä
Qò¥ä|TäîŁôNæçìÜ¥îìÜí"^ TåÜ°äÓèì	QòVPTæòAQ?oSu ôNì ôNæçäÓæ¹íeí
ø
åÜTŁôNæçå íUîŁôäÕè¤æçtÚíìﬀOUôNåÓæòí
èæòñÇèAO£TådQò$Qòíú\ésQ~ô1QçæçúVésWÇæòä|ROUôNæòä°ôNèä|äÓæéôNäVQ~ôGéYæçìÜ(PTåÓæòíEåÓì|ôNäWvTìÜäÜ:S
vtäGìÜ(P|ïTìPÜïäDO£TäGîŁôNìD}CO£TåÓåÜ TåUô"QSJm ý
öö
5oPùŁôNúTåUô"QSJm ý
öö
5oBO£íåÓìÜTå
ñÇèªéVåÜAQòäÇèŁôNúväiíåÆéä°å|ôNæTQTQòä°éBQêëíìÜéYìÜéYèO£Túô\îŁôNìÜäÜ(P:SZ +Wv(PéäVWvíQçè>O£ä
ôNèäÜäÓæõúì|ôNéäÑùyQ~ôeéTäÓæçåÜùJAQTQòùJäÓåÆåÓìXädtÚôNæ
ø
Qò1P¨ñÇèæhæTOGî>QçæòñÇè¨ètíìÓåiéTúìÜ¨éÎê æòí"j
æòä|ôNåÓæòí3Tå°éíYPBQ~ôUîŁôNìÓåÓæòªéYèÀúô"rªñÇèsQêëí3í
ø
äÜTìﬀWväÓå¥èªîŁôNìÓåÓæòªæçeYO£éYèEúô"r
îìÜäÜTÇåS
f
äÜíìﬀOUôNæòäQòäO£í<é>XAQòäõéYè1OGæTQçæòTèæçåÜTìÓúô"Q~ôPTåÓæòñÇè|O£íåÓìÜTÇåyñètê æTQ< äÑê ôNúæçå
îŁôä	é¨ÇèŁôNúväsOUôNæòä	é0eYQ~ô"O£TÇåÜäªé¨úô"r5S+zÀôNæòäRQê æòéUéÎê èåÓæTQçæòäÜTì	è¨æçtÚíìﬀOUôNåÓæòí
åÓì|ôNäﬀWvTìÜäÜeeäÜ\ìÜäÓåÓìÜTæçå¨îŁôä\_PíÇåÓì|ôNæçéYìÜ]Q~ôå|ôNæTQTQòeéäGô
ø
äÜíì
ø
ôNÇåÜäS
g
 PíO1j
îŁôNì|ôNåDQê æçtíìﬀOUôNåÓæòí@åÓì|ôNäﬀWvTìÜäÜ Tå\QòíúæçåÓèéYæçŁô"QòEäÓèì£èæçÇåÜTìﬀWô"QTQòET é(PÑô"Q~ôNúv
äÓîJ(PTåÓì|ô"Q®äÓè

ä|ô"O\O£Tå¨úì|ôNéÎù#í,îZTèå£ôNîî>QçæòñÇèTì1Qò\åÜäÜåéÎêë VQHPíCP9aTå¨óõôPArð<äﬀa<æ
m ý
ö
û
ö
o°îJíèì	éTåÜTìﬀOGæçTì$QòäiîŁôNì|ô"OxXTåÓìÜäBPíäﬀO£íQòíúæòñèäDmzP
f
íŁô"Qòé>


 
oS
ã
Q#äÓå
îJíäÜäÓæ
ø
Qò¤éÎê ô"QTQòTì TYPíìÜ¤î>Qçèä3Qòíæç\T£èåÓæTQçæòäLôNå éäúìÜíèîJäéñèŁôä|ôNìÜäùvñèæ¹îZTè>WvTÇå
íèä¤îJTìﬀO£TåÓåÓìÜVéVìÜÑô"QçæòäÜTì¥è$WvTìÓæçå|ô
ø
QòVåÜíO£íúì|ôNîïæòéYèOGæTQçæòTèæçÇåÜTìÓúô"Q~ôPTåÓæòñè
mó#æHP|ïíETåô"QS

YýBoS
N
ié(PTìÓæòä¤åÜíèå<P(PTæhéôNä|Qò$PÜïŁôNîæçåÓìÜüS
z3ôNæòäiîJíèìÆí
ø
ä|TìﬀWvTìVéäiúìÜíèîJäiéGñèŁôä|ôNìÜäªô(Wv(P£éäiäÜTîŁôNì|ôNåÓæòíäªé1QêëíìÜéYìÜ
é£ýÑ
GôNìPAOGæçTå<O£íæçäÑùæTQytôNèå¤äÜiéíTì<Q~ôîJTæç	éhQòäJP|ïTìPÜïTìSTSTS
S   § }NM }£:¨ £:¨  >}¦¤JT¢S¦¢c :¦
}Çæ|QòäGîïTíOxXTä\ñèæ¤ä|íåD_Q~ô3äÜíèìP`éYè ì|ôðvíAO£TådéYè ñÇèŁôä|ôNì£éTåÜTì4j
OGæçTåTeîŁôNìÓåÓæòhQòTèì¥ôäÜîZ(PTåÑù/Qòä¤ô
ø
äÜíìÓîåÓæòíä®æçèTÇå¥äÓèì,Q~ôñèŁôNÇåÓæçåÜiéhQçè>OGæHXTìÜ
ñÇèæhíèä°îŁôNìﬀW<æòTåSJ ¥æçäÜæ+Q~ôUìÜ(PíŁôNæòäÜä|ôNYPGéä°ñèŁôä|ôNìÜäÆTådQòTèì°éYæÎTìÜTYPTæ~ôNåÓæòí _
îŁôNìÓåÓæçìé$QòTèìVPíè>QòTèìTåéRQòTèì<Qçè>OGæçíäÓæçåÜªéôNä¤èVîŁôNìÓåÓæòVéYèäÓîJ(PTåÓìÜùéTîJTé
 7  K   ap
3 :a
l :a
5 .X/B

ü
_FQ~ôxtÚíæòäÆéBP¨ñÇèæõTúvTéYìÜ1QòTèì°ì|ôðvíAO£TÇåªTåÆéYèIOGæTQçæòTèÀåÓì|ôWvTìÜäÜ¨îŁôNìdQò èZ
Qçè>OGæçTèZ{S
vyê èÕéäÎîìÓæçYPTæçîŁô"Qòätì|ôNæòähéÎêëAOGæòäÜäÓæòítù(Q~ô®î>QçèäytíìÓåÜéYè	äÓîZ(PTåÓìÜéätñèŁôäLôNìÜäÑùäÓå
Q~ôªì|ôNæòÆéÎêëAOGæòäÜäÓæòívÎð/OUôNj
α
édQê ïðYéYìÜíú5XTÆTèåÓìÜ:S
g
å¤äÜAQòí`QòÆé(PÑô"Q~ôNúviäÓîJ(PTåÓì|ô"Q
éYè*ñèŁôäLôNì°æTQ#äÓåÆîJíäÜäÓæ
ø
Qò¨é¨éTåÜ(PTåÜTì$PTåÓåÜ¨ì|ôNæòGéôNähQê è>QçåÓì|ôGjWÇæòíQòTåÑùyQò1W<æòäÓæ
ø
Qò¨íè
Qê æçtì|ôÀìÜíèúv:Sy ¥æçäÜæ®æTQ¤äÓåGîZíä|äÓæ
ø
Qòdé]PÜïTìPÜïTìdéäGñÇèŁôä|ôNìÜä£T äÜe¹ôNÇåD_QòTèìÜä
Píè>QòTèìÜäsmñÇèæÎäÜíå åÓìXä,QçæòäJ_BQ~ôªì|ôNæò°éÎêëAOGæòä|äÓæòívÎð/OUôNj
α
OUôNæòä¤ôNèäÜäÓætôNèZeôNèåÓìÜä
ì|ôNæòä¤Tå¥ôNèPíÇåÓæçè6oS
ã
Qòä îJTè>WvTåîŁôNì¤ZYAOGî>QòiîŁôNì|ô òåÓìÜ	î>Qçèä
ø
QòTèä¥ñÇèhQ~ôî>QçèîŁôNìÓå
éä#TåÜíæTQòä#äÓæPTåÓåÜ«ì|ôNæò ô°TåÜ é(PÑô"Qò,WvTìÜäiQòÕìÜíèúv^kèäÜñÇètêl_°ôNåÓåÜTæçéYìÜ®éäiQòíúèTèìÜä
éÎêëíé	éhQêëíìÜéYìÜ	é
 ÷


BSvtíìÜäéÎê è äÜíéôNúv	éYèPTæòAQtéôNä¤éYæÎTìÜTåÜäJeYQçåÓìÜäÑùæTQ
äÓå îJíäÜäÓæ
ø
QòÆéhO£äÓèìÜTì¤éä®Z>P(Xä®éRPíè>QòTèìÜäÑùYìÜ ŁTå|ôNåVQ~ôVîìÜä|TYPiíè]Qê ô
ø
äÜTYP
îJíäÜäÓæ
ø
QòiéÎê èdtÚíìÓåÜÆì|ôNæòiéÎêëAOGæòäÜäÓæòíéôNä®è éä|eYQçåÓìÜäS>vtä¤ñÇèŁôä|ôNìÜä®íå°ôNèäÜäÓæ{Q~ô
îìÜíîìÓæòTåÜ°éÎê ô(Wvíæçìè<Qçè>OGæçíäÓæçåÜ¥ñÇèæYWôNìÓæòBmîJTìﬀO£TåÓå|ôNå é|QòäéYæòäÜåÓæçúèTì«éÎêëí
ø
^ÓTåÜä
_nQ~ôQçè>OGæçíäÓæçåÜ PíäÓå|ôNÇåÜ&oPù¥ôNæçäÓæù í=îJTèå`îŁôNì ZYAOGî>QòﬁôWv(P3è5äÜíéôNúv*äÓèì
î>QçèäÓæòTèìÜäiTîJíÇñÇèä°ìÜ(PÜïTìP|ïTìsQòäÆí
ø
^ TåÜäiñÇèæ0íåRW<èQòTèìhQçè>OGæçíäÓæçåÜ1WôNìÓæòTìiéÎê è
í
ø
äÜTìﬀWôNåÓæòí_0Qê ôNèåÓìÜ:S
vô£äÜAQò(PTåÓæòíéä¤ñÇèŁôä|ôNìÜä®äÓå¤éíYPRQçæò$_0Q~ô1tíæòäJ_0QòTèì¤ŁôNåÓèìÜù6_0QòTèì¥T W<æçìÜíj
AO£Tå¤éYæçìÜ(PTå|OUôNæòä®ôNèäÜäÜæJôNè`OGæTQçæòTè`æçåÜTìÓúô"Q~ôPTåÓæòñÇè	ñÇèæ¹æçèiäÜèì3QòTèì|Píè>QòTèì¤Tå
QòTèìAWvTÇåÓèAQTQò¥éTåÜ(PTåÓæòíFQòíìÜäéäyäÜíéôNúväéYèDPTæòAQS
 
·õÁº¼º·

½

ﬂ¸

½ò¾h¼

¸ 

»ºµ¹¼

¸»3½

Á

 ,

Á**,

Áﬁ½

¸3µ ﬂt¿

»Ñ¸À½  ·õÁÇ¸  òº½
!/
¾

 çµ¹¼ﬃ¸

 º]»
½

¾
	
3·õÁNºµŁÁº
S
ã
QtäÑê ôNúæçå¤éhQòä®é(PTìÓæçìÜ	éÎê èsPTìÓå|ôNæçhtÚô  ítùYîŁôNì¤éä<PÑôNì|ôPTåÜTìÓæòä4j
åÓæòñÇèähtíìÓåÜäùJîZíèìVTäÜèæçåÜGìÜ(PÜïTìP|ïTìBQòä	í
ø
^ÓTåÜä	éôNäsQò\PTæòAQñèæPíìÓìÜäÜîZíéTÇå
_PTåÓåÜGéäPTìÓæçîåÓæòíbS
ã
Q#äÓåiéíYPª(Pä|ä|ôNæçìÜGéôNäiè3îìÜAOGæòTìiåÜAOGîä	é¨é(PTìÓæçìÜ\Qò
î>Qçèä®îìÜ(PTæòäÜAO£TÇåîJíäÜäÓæ
ø
QòiTåJPíìÓìÜ(PTåÜAO£TÇåVQòä¥ñèŁôä|ôNìÜä&S

		
exrrx®xŁzzxÕ×Rrpsx0¤{òx¹r3zu sxŁqxsqx,wx0uJNuJs
" 
¸-vÁNº·h»ºµ¹¼ ½

¸
/
¾ ¸ÁN¸ 
vôﬁé(Píè>WvTìÓåÜùyíè î>Qçèå å\Qê æòéTåÓæeﬃPÑôNåÓæòí éä£ñÇèŁôä|ôNìÜämñÇèŁôäÓæj×äÓåÜAQTQ~ôNì£í
ø
^Ó(PTåﬁo
éôNåÜ	és}/P|ï>OGæòéYå0m ý
ö
5oS
ã
Q«äê ôNúæòäÜä|ôNæçåªä|äÜTåÓæòAQTQòAO£TÇåUéÎêëZ<î>QçæòñÇèTì1QòäªTåÜíŁôNÇåÜäGì|ôNæòä¨éÎêëAOGæòäÜäÓæòí í
ø
j
äÜTìﬀWvä¤éôNäJQòiäÓîZ(PTåÓìÜ:S>vêëZ<î>QçæHPÑôNåÓæòíÀäÓå|WvTè	é$Q~ô1Pí ÚYPTæòéTYPVTåÓìÜ$Qòä®ì|ôNæòä
í
ø
äÜTìﬀWväyTåQòä0ì|ôNæòäé3Qê ïÇð<éYìÜíú5XTù OUôNæòä#é(PÑô"QòäWvTìÜäiQò ìÜíèúvùé(PÑô"Q~ôNúv¤ñÇètê æTQŁô
tô"QTQçè\ô"QòíìÜäy^ èäÓåÓæeŁTìS
f
æJTìÜTÇåÜäyåÓïíìÓæòäÕíå	W<è\Qòi^ÓíèìÑù:PíO\O£¤è,W<æçåÜäÜäÜ®éÎêë^Ó(Pj
åÓæòíåÓìXäæTOGîZíìÓå|ôNÇåÜ måÓïíìÓæòdîJTìÜäÓæòäÓå|ôNåÜ_EîìÜíîJíäGéQêë^ (PTåÓæòí éäGñÇèŁôä|ôNìÜäx_
îŁôNìÓåÓæçì	éÎê èGúô"Q~ôGZYæòùÎ:S úYS{ AQTQyTåVô"QSt

NþCoS
ã
Q#äÓådeŁô"QòAO£TÇåôNîîŁôNìÓè PAQ~ôNæçìÜAO£TÇå
ñÇèhQò	é(PÑô"Q~ôNúv	äÓå¤é[_0QêëZYîŁôNäÓæòíé$Qê èæTWvTìÜäS
f
äÜíìﬀOUôNæòädæTQÆZ<æòäÜåÜEè O£í<é>XAQòÀé(PTìÓæTWôNå]QòädñÇèŁôä|ôNìÜäÑù«Tå`éÎê ètô  í î>Qçèä
úvTTì|ô"QòIQ~ôPAQ~ôäÜäÜ3éädíÑðôNèZ5ôPTåÓætÚäeé3úô"Q~ôGZYæòä m °  $oPù éíå`tÚíådîŁôNìÓåÓæòIQòä
ñÇèŁôä|ôNìÜäSYvôUéäPTìÓæçîåÓæòíEä9PÜïAOUôNåÓæòñÇèªäÓåéíReúèìÜUý:S þYS6vt	úô"rVîìÜäÜTåÆéôNä
QòäÕìÜTúæòíäÕéTäÜä ôNèåÜíèìÕéYè\íÑðôNèmPíäÓåÓæçåÓè°éÎê è\åÓìÜíè\íæçìÕäÓèîJTì	OUôäÜäÜætÎTå«éä
ìÜTúæòíä°æçåÜTìÓäÆéYèEéYæòä|ñèªéÎê ôP(PTìÜTåÓæòí6o¥AO£TåVQòä¥ì|ôNæòäVQ~ôNìÓúvä1m
ø
ìÜívôéQçæçªìÜTúæòítù
,v
~
o	å|ôNéYæòä¨ñèDQòäªìÜTúæòíä¨î>QçèäªAQòíæçúäGäÜíÇåªìÜäÜîZíä|ô
ø
Qòä¨éDQêëAOGæòäÜäÓæòíé
ì|ôNæòäeTåÓìÜíæçåÜämŁôNìÓìÜí  QçæçìÜTúæòítù dv
~
oPùôNèÄé(PÑô"Q~ôNúvEäÜîZ(PTåÓì|ô"Q¥éYèÄñèŁôäLôNìSu«
äÓïAOUôEéFQ~ôPíèîJ\éÎê è,íÑðôNè ôPTåÓæté\úô"Q~ôGZ<æòDQòDQòíúÀéDQê ôGZYDQòíúôNìÓæçåÓï>OGæòñÇè
íìﬀOUô"QçæòäÜôNèîŁôNìÜä|(P]O£íåÓìÜTìDQòäxPíäÓåÓæçåÓèŁôNåÜä\äÜäÜTÇåÓæòAQòä iQòdåÓìÜíè íæçì£TÇåÜíèìÜ

 	
  

 
 
ý:S  `}ÇîJ(PTåÓìÜ	éYèñÇèŁôä|ôNì
 
u vû
 
åÜAQhñètê æTQô¨TåÜiîè
ø
Qçæò	îŁôNìd}/PÜï>OGæòéYåS
 

ý:S
 

ã
åÜTìÓîìÜTå|ôNåÓæòíEéä ì|ôNæòä®é(PÑô"Qòä¤éYè`äÓîZ(PTåÓìÜÆéYè ñÇèŁôä|ôNì
 
u vû
 
S
 
u vû
 
ô¨éäÜíìﬀOUôNæòä¥èäÓæçåÜ
ø
æòT_0Qçèæ YïÇåÓåÓî   RæòäÜé>P:S èæçúv:SP|ï 
 
PÑvû
 
/S
éYèEéYæòä|ñèªéÎê ôP(PTìÜTåÓæòí*ôNæçäÜæhñÇèsQ~ôxQòíCPÑô"Qçæòä|ôNåÓæòí3é$Q~ôF,v
~
ñèæõäÑêëTåÜTéEäÜèìd_GîJTè
îìXäUý¨îyPGTå$Q~ô dv
~
äÓèìièxPTå|ôNæçeé¨îyP:SbvtGåÜíèåVäÜå	TåÜíèìÜUéÎê èåÜíìÜ£é
îJíèäÜäÓæHXTìÜä#ñÇèæYä|AQòí0Qê ôNú:Qò¥é3W<è«îZTìﬀO£Tå	_VQêëí
ø
äÜTìﬀWôNåÜTèìyé,WvíæçìyTGéYæçìÜ(PTåÓæòíUéYè
íÑðôNèPTÇåÓì|ô"QtíèdîŁôäSY}<AQòí`PTå¤ôNú:QòÆédWÇèù/Q~ôBPAQ~ôäÜäÜÆé°íÑðôNèôPTåÓæthé°úô"Q~ôGZYæò
PÜïŁôNúv:S8vyêëí
ø
äÜTìﬀWôNåÓæòíÀå×ð<îæòñè	éÎê èÀñèŁôäLôNìT ì|ôéYæòí\äÓå¤îìÜäÜTÇåÜ$eúèìÜ\ý:S üYùŁíq
QêëídîZTèåWvíæçìQòä«éYæÎTìÜTåÜä ìÜTúæòíä®éÎêëAOGæòä|äÓæòíä Teì|ôéYæòíùCQ~ôBrÑíVPTÇåÓì|ô"QòiéÎê è
îŁôNìÓåyTå#îŁôNì4tÚíæòäQòäiQòí
ø
ä#éÎê ôNèåÓìÜ¤îŁôNìÓåyñèæäÜíÇåQçæòä_Æéäy^ÓTåÜä#é,OUôNåÓæHXTìÜ îìÜíWvTŁôNå
éRQ~ô0rÑí	éÎê ôP(PTìÜTåÓæòíbS
 7  K   ap
3 :a
l :a
5 .X/B

vû
 

ý:S þ 
~
TîìÜäÜTÇå|ôNåÓæòí£T(P|ïAQTQò,QòíúôNìÓæçåÓï>OGæòñè®éäõíðôNèZ¨ôPTåÓætÚäõéÕúô"Q~ôGZYæòäS
}ÇèæTWôNå	Qê ôNú:Qò¥é|WÇè®ñÇè|Qêëí\ôÆäÜèì	PTåí
ø
^ÓTåÑùæTQŁôNîîŁôNìÓåÓæòTå|_iéYæÎTìÜTåÜä	PAQ~ôä|äÜäS
 
¸  Y» µ Z¾

¸
 	
º]¸Ñ»¼Z»Ñ¸U½
ﬃ/
¾¸ÁR¸
´ Y» µ Z¾

¸\º¸Ñ¸¾h¸G½

Á


 
Ç¸

¼@Á*½õºµ
vt®îìÜAOGæòTì3PÑôNå|ô"Qòíúè¥é®ñÇèŁôä|ôNìÜä#ìÜÑô"QçæòäÜ,Qòtèå	_ÆîŁôNìÓåÓæçìé®éíäì|ôéYæòíù:Qò
c
ïæçìÜé
u ô"O
ø
ìÓæòéYúv$u ôNå|ô"Qòíúè\m
 
u|oS
c
íèåQò<PÑôNå|ô"Qòíúè°<PíÇåÓæòTå®îŁôäÑù
ø
æòTeäﬀ[ìÑùÇñèéä
ñÇèŁôä|ôNìÜäÑùAQòää|íèìPätíåõé[swTåÓìÜ#æòéTåÓæeŁäõTäÓèæçåÜ#îŁôNìhéätí
ø
äÜTìﬀWôNåÓæòíäTVíîåÓæòñÇè
TåªéYæòä9PTìÓTì0QòäñÇèŁôä|ôNìÜäVéäGôNèåÓìÜääÜíèìPäì|ôéYæòí>S
ã
QäÓå1_ íåÜTìîZíèìBQ~ô`îJTåÓæçåÜ
ïæòäÓåÜíæçìÜeñètê æTQ«tê ð>ôîŁôäªTè éUîìÜAOGæòTìGíè,é\éTèZYæHXAO£`PÑôNå|ô"Qòíúè:S
g
åÜíèå1PÑôä
îŁôä éVPÑôNå|ô"Qòíúè°èåÓæTQçæòä|ô
ø
Qòù/Qòä®ôäÓåÓìÜííO£ä éVQêëTîZí<ñèÆôðôNÇå¤TåÜVPítìÜíåÜä¤ôNèZ
îìÜí
ø
QHXAO£ä«éJQêëí
ø
äÜTìﬀWôNåÓæòí\T£ì|ôéYæòí>S
g
xtôNæçåyè\úì|ôNé£íO
ø
ìÜ°é¤äÜíèìPäÕäÜ¤äÜíÇå
ìÜAWvAQòä	wTåÓìÜ®éääÜíèìPäOVè>QçåÓæçî>QòäÕíìÜäÜíQçèä|ùTå#è®éTåÜ(PTåÓæòíDPíìÓìÜäÓîJíéôNæçå
TDtÚôNæçå|_ªî>QçèäÓæòTèìÜä äÜíèìPäS/vt°åÓìÜíæòäÓæHXAO£hPÑôNå|ô"Qòíúèdtèå«ìÜÑô"QçæòäÜh_	èVtìÜñèTYPÆé
ýÑü
ö
z<rvù(P#ñÇèæîJTìﬀOGæçåéÎêëAQçæTOGæçTì*P0îìÜí
ø
QHXAO£:S
ã
Q5PíOGîìÜTéVþÇû<ýyäÜíèìPätTÇåÓìÜij
Tå

û<ý¤éTúìÜäÑùÇô(Wv(P®è¤éTäÜæçåÜ¤é èZ¨äÜèîZTìÓæòTèìÜ<_
÷
N
ð5S5vt|PÑôNå|ô"QòíúèJtèå#ìÜAW<æòäÜ
îŁôNì| TTåÓå T*ý
ö
SvôªìÜAW<æòäÓæòí`Tå|ôNæçå«ìÜñÇèæòäÜhPÑôNì|PTìÓå|ôNæçä®äÜíèìPä®éAWôNæòTå|wTåÓìÜ
ìÜTåÓæçìÜä«íèeôG^ÓíèåÜä3PÑôNìQòTèì èZUTå|ôNæçå«äÜíèäQ~ô$QçæTOGæçåÜé
÷
N
ð£íèFtèìÜTÇåæòéTåÓæeŁä
PíO\O£	éä¤ä|íèìPä®åÓìXä®îìÜí/PÜïä¤ñÇèæÎtêëTå|ôNæòTåÆô"QòíìÜä®îŁôä®ìÜäÜíQçèäSﬃu«ä<PÑôNå|ô"Qòíúèä
tèìÜTå¨TäÓèæçåÜ\äÜèæTWÇæòäVîŁôNìBQòUþCu mó#æTQTa<æçúåÜí  }/PíåÓå]m ý
ö
ü5o	Tå  Æí «TìÑù}/PíåÓå 

æTQTQòäm ý
ö
vû:oﬀoPùQò ü5u îè
ø
Qçæò Tî>QçèäÓæòTèìÜä£îŁôNìÓåÓæòäUTåÓìÜ>ý
ö
ûü3Tåý
öö
üSJmóhÑôNìÜä|í
ý
ö
û
÷
TåJ T>ý
öö
ý&oPù>Qòª5u _`ýÑüYýjkzVriîè
ø
QçæòVTÇåÓìÜ£ý
ö÷
üGTåVý
öö: 
S
vtä0ìÜAQòAWväJ(PTåÓèä#îŁôNì	u ô"O
ø
ìÓæòéYúv|Wô"QòTÇå#îZíèìQê ïAOGæòäÜîïYXTìÜ íìÜé TxP«ñÇèæ
PíYPTìÓVQò¤äÓèéÎùéäìÜAQòAWväæòéTÇåÓæòñèä«íå TåÜ¥Î(PTåÓèäÕôNèZxOxwAO£ä«éôNåÜäyîŁôNì3Qòä
÷  	
  

 

ý:S ü  (OGæòäÜäÓæòídì|ôéYæòí¨éYèdñèŁôä|ôNì
 
u
 : 
þGäÜ°äÓæçåÓèŁôNåJ_Vè`é(PÑô"Q~ôNúv°äÜîZ(PTåÓì|ô"QÎé

S üüüSbvyê æTOUôNúv\ôdTåÜGîìÓæòäÜ£ôNè
U
vt  _eþYS
ö
 R<rUôWv(PU
S
 
ôNìÜäÜ(PGé¨ìÜäÜíQçèåÓæòíbS+vt
îJíæçåBm
f
o äÓå|QòiñÇèŁôä|ôNìÑùŁôNèä|äÓæÎæòéTåÓæeŁªT íîåÓæòñè:S
ã
äÜäÓèiéR«ìÓæòéQò	Tå°ô"QSÎý
öö
þ
ôNèäÓåÓì|ô"QçæòTä®éYè`ó0ôNìﬀavä ì|ôéYæòíªåÜAQòä9PíîZ\mPêëäÓå|PTåÓåÜÆñèæçîJ°ñèæ8OGæçå®TdAW<æòéTYPdQòä
îìÜí
ø
QHXAO£ä¨ìÜTYPíåÓìÜä£îŁôNìBQêëñÇèæçîZeé]u ô"O
ø
ìÓæòéYúv&oSvôtìÜñèTYPdéÎêëí
ø
äÜTìﬀWôNåÓæòí
Tå|ôNæçåVé¨þ

÷
zVr¨TåièUäÜTäÓæ
ø
æTQçæçåÜh^ èäÜñÇètêl_
 
N
ðÀT QçæTOGæçåÜUé èZyS{vtä	ìÜAQòAWvä
tôNæçå`_PEì|ôéYæòíåÜAQòä9PíîZ3íå`TåÜIPíOGîæTQòä`éôNädè PÑôNå|ô"Qòíúèù,QòÀó s}>u« 
c
ö


mïåÓåÓî      $S îŁôNìﬀaväS ôNåÓtﬀSPäÓæçìÜí>S ôNè RìÜäÜÑôNìPÜï NäÜèìﬀWvTð<ä Rî>aYäPÑôNå
ö

S ïÇåﬀO\Q2oS
óQçèä¥ìÜ(PAO\O£TåhQòä®ìÜAQòAWväåÜAQñÇèRQò
U
}>}m 
~
 <
U
vt  }Ca<ð}ÇèìﬀWvTðYo äÑêët2j
tÚ(PTåÓèTå<_eý:S þ h<rRPíè>W<ì|ôNå|Q~ôªîŁôNìÓåÓæòÆéYè]PTæòAQôNèeíìÜédéVjþ
éTúìÜä®éié(PAQçæçŁôNæj
äÜíbSmu«íéíÀTåÆô"QSý
öö÷
oS8vt	ìÜAQòAWv0
ã ~
}
c
mŁôNæçå
ã
OUôNúväí"t#åÓï
~
ôéYæòí}Ca<ðôNå
c
«Tåð jkPAODo3tèåîìÜAW<èUîJíèì,wTåÓìÜJQêëñÇèæTWô"QòTÇå«ì|ôéYæòíéYè\ó0ô"QòíOUôNìV
ø
äÜTìﬀWôNåÜíìÓðD}CaÇð
}ÇèìﬀWvTð*äÓèì£ýÑ
`


`éTúìÜäBPÑôNìÓìÜä	éôNäRQê ïAOGæòäÓîïYXTìÜUíìÜé{S
ã
QitèåiìÜÑô"QçæòäÜ£ôWv(PxQò

~
 <
U
TìÓðBvôNìÓúv  ¥ìÓì|ôÑðDm
U
v hoPù"PTåÓìÜ äÓèì ý
 
ü¥Tå ýTþ
 
üVzVr+^ èäÜñÇètêl_®è3QçæTOGæçåÜ
éeéTåÜ(PTåÓæòí,éÀýxO
N
ðvù*QòPÑôNå|ô"QòíúèDPíÇåÓæòTå
÷
ýýd


 í
ø
^ÓTåÜäSÕýÑü  éääÜíèìPä
íåiè1PíÇåÓìÜTîŁôNìÓåÓæòUéôNähQòädQçæTOGæçåÜä	éYè3ìÜAQòAWvGíîåÓæòñèGóR}>}
ã
Syvt¨ìÜAQòAWvGôeTåÜ
PÜïíæòäÜæŁîJíèì3Pí ÚYPTæòéTì®ô(Wv(PJQòh}
f
}>}m}CQòívôN
f
æçúæçå|ô"Q{}CaÇðF}ÇèìﬀWvTðYo#ñÇèæ¹äÜTì|ôié(PTìÓæçå T
éTå|ôNæTQ3mPtﬀSSçý&o íqí äÓåÓæTO£Vñè	ü
 9éä¥äÜíèìPä¥éR
ã~
}
c
äÜTìÜíÇå¥éTåÜ(PTåÜäS
´ Y» µ Z¾

¸\º¸Ñ¸¾h¸G½

Á


 
Ç¸

¼
vttíéŁPíäOGæòñèET ì|ôðví 1 ô*TåÜ TåÓèéYæòÀT8ý
ö
 m  °æ~ôP(Píæ°Tåeô"QSpo0QòíìÜäeéYè
Q~ôNYPAO£TåiéÎê èstèä|:S8u«ªRtèå¥îŁôäèìÜAQõìÜAQòAWvùŁæTQõäÑê ôNúæòäÜä|ôNæçå°éVåÓìÜíè>WvTìÆéä
äÜíèìPä é°ì|ôðvíAO£TÇåÜä 18ZYåÓì|ôGj×äÜíQ~ôNæçìÜäSvtä îìÜAOGæòTìÜä ìÜAQòAWvä®íÇå TåÜ°Î(PTåÓèä
éôNäQòäõôNä0äÜíæZôNåÜj×éYæZÎù

ïÇèìÓèTå0 ìÓæòAQ
U
Su«TèZ/jkPTæ<íÇå*O£íÇåÓìÜ ñè3QòtÚíé21
Tå|ôNæçå®äÜäÜTÇåÓæòAQTQòAO£Tå¤ZYåÓì|ôNúô"Q~ôPTåÓæòñè:SvôªŁôNåÓèìÜÆéVP<tÚíéDPíäﬀOGæòñÇèdPíO\O£T  Ñô
 7  K   ap
3 :a
l :a
5 .X/B


ö
_wTåÓìÜ\AQçèYPTæòéeúì9P`_Qê ôNîîŁôNìÓæçåÓæòíéäªåÜAQòäPíîZä¨é\å×ð<îZ

íQçåÜTì¨ñèæ®ô"O£AQçæòí"j
ìXTìÜTå$PíäÜæòéTì|ô
ø
QòAO£Tå$Q~ôUìÜäÜíQçèåÓæòí>ôNúè>Q~ôNæçìÜ¨TåÆìÜAWvAQHXTìÜTåRQ~ô\ŁôNåÓèìÜ¨éYæòäPTìXTåÜ
éYèÄì|ôðvíAO£Tå 10S °íå|ô"O\O£Tå`ñèQòä °   PíÇèä äÜíådéädAO£TåÓåÜTèìÜä T
ì|ôðvíj 1 Sym
c
ôNŁôN
ø
ôNè>O Tå ô"QSŁý
ö
û
ö
oS
g
eÎTåÑù5QòäÕí
ø
äÜTìﬀWôNåÓæòíätôNæçåÜä«ôWv(P<Qòä|ôNåÜAQj
QçæçåÜ
g
æçäÓåÜTæçGìÜä|íQçèìÜTåÕü éä#äÜíèìPä3_ªýj
 
av
U
^ èäÜñÇètêl_
3.10−14 erg cm−2 s−1
ù
TåRtèìÜTåªæòéTåÓæeŁä1PíO\O£°  1S*u«(PTæ	tèåsPíeìﬀO£UîŁôNì
~
R}< 
c
m ý
öö: 
ùÕý
öö÷
o
_
S üGjav
U
m
 


 Jj°
 ho,^kèä|ñètêl_`éäªäÜTäÓæ
ø
æTQçæçåÜäé
5.5.10−15 erg cm−2 s−1
mÆôäÓæçúvTìTåÕô"QSý
öö÷
oS
g
UÎTåÑù5P®éTìÓæòTììÜAQòAWv|O£íÇåÓì|ô	è®éTäÜæçåÜ¥é °  =é
QêëíìÜéYìÜié
÷
ü
VîŁôNì®éTúìÜRPÑôNìÓìÜ:SYóõíèì¤éä®TTìÓúæòä î>Qçèä úì|ôNéäÑù<æTQ6tô"QTQçèå¤ôNåÓåÜTéYìÜ
 R}>u« @ñÇèæ>tèå#è£ìÜAQòAWv<_	Gjkûdav
U
^kèäÜñÇètêl_
5.10−14 erg cm−2s−1
Só#èæòä	Qò®îæòíæòTì
éYè*éíOUôNæçGéÎêëTTìÓúæò£üGj|ýÑ
av
U
8 TîîJí }<  1 ñèæ0ìÜäÜíQçèå
 

 )éäÆäÜíèìPä$_Pä
TTìÓúæòäBmu«íOUôäÜåÓìÓæTåô"Q

Yý:SpoS
vtäªìÜAQòAWväéÎê ôNè^ íèìÜéÎê ïÇèæ ä|íå¨J(PTåÓèäªîŁôNìsQòää|ôNåÜAQTQçæçåÜä\uÕïŁôNéYì|ônm ° h}< ù

TæòäÜäﬀavíîteTå3ô"QSÆ


5oETå 1hzzj ° ®åÜí m
g
}< ù 1<jì|ôÑð zEè>QçåÓæjkzæçìÓìÜíìzEæòäÜäÓæòí
° ®åÜítù
N
ôNäÜTÄTå\ô"QS

Yý&o¨ñÇèæçîZäUé`åÜAQòäPíîJä

íQçåÜTìS
ã
Qòä£éYæòäÓîJíäÜTÇå£åÜíèä
Qòä£éTèZé`éTåÜ(PTåÜTèìÜä£îJíèìUôNåÓåÜTæçéYìÜQòä£TTìÓúæòä\
S üGj|ýÑ
Iav
U
ô(Wv(P è`äÜTäÓæj
ø
æTQçæçåÜ é ü
 _*ü
ItíæòäGî>Qçèä£úì|ôNé ñè`Qòä£ìÜAQòAWvä£îìÜ(PéTåÜä&S	vtä\éYæJTìÜTÇåÜä
äÜíèìPäGíÇåGè
ø
íeìÜäÜíQçèåÓæòí ôäÓåÓìÜíO£TåÓìÓæòñÇèùy
S
 
j|ý \îJíèìFuÕïŁôNéYì|ô3Tådýj
 

îJíèì 1hzzj ° ®åÜítùÇäÜä|TåÓæòAQTQò°îZíèì îJíè>WvíæçìPíìÓìÜAQòTì|Pä,PÑôNå|ô"QòíúèäJ_BPTèZUìÜÑôGj
QçæòäÜä¨TíîåÓæòñè m}
f
}>}Zùui
c
v},TåP:STSTSpoS	u«äéTèZOGæòäÜäÓæòíäGäÜíÇå\PíOGî>QòAO£Tj
å|ôNæçìÜäÆTEåÜTìﬀO£äiéªìÜäÜíQçèåÓæòí*TåÆéªäÜTäÜæ
ø
æTQçæçåÜ:S
f
ôNäVQòªéíOUôNæçGéäì|ôðvíä 1¨ù
Qòä«ìÜAQòAWvä¤ô(WôNåVuÕïŁôNéYì|ô¨Tå 1dzz?ÆéYæòäÓîJíä|ôNæòTå îŁôä®éÎê è°ìÜäÜíQçèåÓæòídæÎéÎê è
äÜTäÓæ
ø
æTQçæçåÜ¨äÓè

äLôNåÜîZíèìiäÜééYæòTì$_xQ~ô\ìÜ(P|ïTìPÜï£é  \SZ èZQçæTOGæçåÜäÆé1Pä
äÓèìﬀWvTðYäÑù"Qòä   Äé3tôNæ
ø
Qò3Qçè>OGæçíäÜæçåÜ®äÜíå#éTåÜ(PTåÜäÑù^ èäÜñÇètêl_¤èGé(PÑô"Q~ôNúv¤äÓîJ(PTåÓì|ô"Q
é£þ3ôNîîìÜí(ZYæTOUôNåÓæTWvAO£TåSväªäÜíèìPä
ø
ìÓæTQTQ~ôNåÜä¨éDPäVìÜAQòAWvääÜíå¨äÜäÜTÇåÓæòAQTQòj
O£Tåªéä    íj×í
ø
äPTèìPTæòäªTåiäÜíåhtôPTæTQòäs_\æòéTåÓæeŁTìªîŁôNìÆäÜîZ(PTåÓìÜíäPíîæò:S+vtä
°  =í
ø
äPTèìPTæòä«äÜíåÕî>QçèäéYæ

PTæTQòä|_ÆæòéTÇåÓæeŁTì«TeíîåÓæòñè 
VU
OUôNæòäO£íÇåÓìÜTå®éä
PÑôNì|ôPTåÜTìÓæòäÓåÓæòñÇèä¤åðÇîæòñÇèä¥T 1 S>vtä¤äÜíèìPä¤åÓìÜíî]tÚôNæ
ø
Qòä¤îZíèì<wTåÓìÜRPíeìﬀO£ä°T
íîåÓæòñÇèdm
ã
>
Nþjü5otîJTè>WvTåõÑôN>O£íæçäwTåÓìÜTVúì|ôNé«îŁôNìÓåÓæò«éä °  1S
U
æòTTå
TäÓèæçåÜBQòä¥úô"Q~ôGZYæòä°íìﬀOUô"QòäÑùZñèBQêëíÀä|íèî  íéÎê ô(WvíæçìÆèstÚôNæ
ø
QòôPTåÓæTWÇæçåÜ¨é
å×ð<îJ   1SvtäyîìÜíCP|ïŁôNæçä#ìÜAQòAWväyäÜ éAW<ìÜíåéÎê ô"O£AQçæòíìÜTìQ~ôÆä|TäÓæ
ø
æTQçæçåÜùéÎê æHPTætýÑ
Gj

ôNä®í ôNåÓåÜTé 1
g 
}Im1Vjì|ôð
g
WvíQTWÇæçú

æTWvTìÜäÜs}ÇîJ(PTåÓìÜíäPíîðYo«Tå ÆTTì|ôNåÓæòíj 1 S
´ Y» µ Z¾

¸\º¸Ñ¸¾h¸G½

Á


 
Ç¸

¼Äº¼ Á  !|ÁNµ¹¾

g
PVñèæbPíYPTìÓsQòä¤éíOUôNæçä¥éÎêëTTìÓúæòVæçtì|ôGjìÜíèúvùﬃQòä®ìÜAQòAWvä<PíO\O£
ã ~
 h}
íåVîZTìﬀOGæòähQ~ôdé(Píè>WvTìÓåÜ\é   ¨ù8OxwAO££äÜæiPAQ~ôetêëTå|ôNæçåVîŁôäRQò
ø
èåiîìÜAOGæòTìVéYè
ä|ôNåÜAQTQçæçåÜ:S
g
å<Q~ô¨ìÜ(P|ïTìPÜï¨éÎêëí
ø
^ÓTåÜä¤îŁôNìÓåÓæHPTè>QçæòTìÜäÆT æçtì|ôGjìÜíèúvô¨îJTìﬀOGæòäJQ~ôUé(Píèj
WvTìÓåÜiéÆíè>WvÑôNèZ`å×ð<îZä¥éÆúô"Q~ôGZ<æòäÑùQòä úô"Q~ôGZYæòä	ê è>QçåÓì|ôGjQçè>OGæçTèäÜäê
ã~
 R}Zù<éíÇå
QòxO£(PÑôNæòäO£\éÎêëAOGæòäÜäÜæòí>îJíèìÓì|ôNæçåªæçYPAQçèìÜ`_]Q~ô]tíæòäVè\tÚíìﬀOUôNåÓæòí,éÎêëTåÜíæTQòäªæTO1j
îJíìÓå|ôNåÜÆTåèeíÑðôNè ôPTåÓætﬀS  íåÜTìQòäìÜAQòAWvä éôNäQê æçtì|ôNìÜíèúvîìÜí/PÜïùzE R}>}
m}Ca<ìÓèåÜäﬀaÇæò°Tå¤ô"QS¹ý
öö
û:oÕTå
fhg

ã
}m
g
îyPÜïåÜTæçETå ô"QSZý
öö
û:o«ñèæyPíOGî>QHXTåÜdQòä«úì|ôNéä
ìÜAQòAWvä¥íîåÓæòñÇèäS
´ Y» µ Z¾

¸\º¸Ñ¸¾h¸G½

Á


 
Ç¸

¼@Á*vÂ¹µZ¼ ¶>¶+
g
ZYî>QòíìÜTìQòä`éíOUôNæçä éÎêëTTìÓúæòﬁTYPíìÜﬁî>Qçèädúì|ôNéﬁäÜÀìÜAW5XAQò PíOGî>QçæòñÇè:S
g

ÎTåÑù,Qòä í
ø
äÜTìﬀWôNåÜíæçìÜäé*ì|ôÑðví5úô"O\OUôäÜíÇåéYæ

PTæTQòä_ PíäÓåÓìÓèæçìÜù¥Tå æTQ	äÓå
 

 	
  

îŁôNìÓåÓæHPTè>QçæHXTìÜAO£TåÆéYæ

PTæTQò	éÎêëZYåÓì|ôNæçìÜÆè äÓæçúŁô"QtéhQ~ôúì|ôNé	ñÇèŁôNåÓæçåÜ	é
ø
ìÓèæçå¤ñÇèæ
ôP(PíOGîŁôNúRQòä®í
ø
äÜTìﬀWôNåÓæòíäS
f
°î>Qçèä,Q~ôìÜäÜíQçèåÓæòí`ÆäÜTì|ôNæçå4jkPiñèÆé°è`éTúìÜ
äÓå¤éYæ

PTæTQò$_GôNåÓåÜTæçéYìÜ:SYz3ôNæòä|Qò3^ÓTè T]WôNèå|Q~ô0PÜïŁôNéAQTQòùﬃOxwAO£	äÑê æTQòä iäÜíÇå®îŁôä
éYæçìÜ(PTåÜAO£TåRQçæòäiôNèZñÇèŁôä|ôNìÜäÑù6Qòäí
ø
^ÓTåÜä°åÓìÜíè>WväÆäÜíåÆåÜíè^ÓíèìÜäîŁôNìÓåÓæHPTè>QçæòTìÜä&S


éäyéTåÜ(PTåÓæòíä	Qòä0î>QçèäOUôNìÜñèŁôNÇåÜäÕôÆTåÜ ìÜÑô"QçæòäÜ,QòíìÜäé,Qê èåÓæTQçæòä|ôNåÓæòíUéYèGåÜAQòäPíîJ
úô"O\OUô`îJíèìªéTåÜTìﬀOGæçTì0Q~ôdŁôNåÓèìÜ\éYènPTåÓìÜ\úô"Q~ôPTåÓæòñÇèùñÇèæyîZTìﬀOGæçåTtôNæçåªé
é(Píè>W<ìÓæçìVQòäVOGæHPTìÜí"j×ñèŁôäLôNìÜäS

	æTOUôNúvªîìÓæòäÜVîŁôNì
ã

c|g
 
~
 dvmPtﬀSèÀîZTèEî>Qçèä
Qòíæç6o äÓå®îìÜä|TåÜReúèìÜUý:S S
vôiîìÜAOGæHXTìÜ<PíQTQò(PTåÓæòí\éÎêëí
ø
^ÓTåÑùC_°åÓì|ôWvTìÜäè¤ìÜ(PÜïTìPÜï°äÓðYäÓåÜAOUôNåÓæòñÇè¤éÎêëAO£Tå4j
åÜTèìÜäªúô"O\OUô`tèå$O£TUîŁôNì
g
 
~<g	c
m
g
TìÓúvTåÓæHP  iô"O\OUôGj
~
ôð
g
ZYîZTìÓæTO£TÇå
c
j
QòäPíîJùQ~ôNYP T5ý
öö
ýîŁôNì\Q~ô  R}< RoAOGîZíìÓå|ôNÇåFQòu«íOGîåÜí úô"O\OUôGjì|ôÑð í
ø
j
äÜTìﬀWôNåÜíìÓð5S
ã
Q|Píè>W<ìÓæçååÜíèå1Qò`PTæòAQù#TåîZTìﬀOGæçå£éeìÜäÜíèéYìÜ`PTìÓå|ôNæçä °   ^kèäÜñÇètêl_
10−11 erg cm−2s−1
éôNä|QòiéíOUôNæç	éÎêëTTìÓúæò
 

1zÀ
U
j
 
 Æ
U
SYz3ôNæòä®èdtÚíæòä®Tj
PíìÜxQ~ô ìÜäÜíQçèåÓæòí äÓåVåÓìXästÚôNæ
ø
QòùhéxQêëíìÜéYìÜeéYèéTúìÜ\éôNäsQòFO£TæTQTQòTèìéä0PÑôäS
 è^ íèìÜéÎê ïÇèæQò¨îìÓæçYPTæçîŁô"Qä|ôNåÜAQTQçæçåÜGéôNä$PGéíOUôNæçUäÓå
ã

c|g
 
~
 Vv m
ã

c|g
ìÓŁôGj
åÓæòíŁô"Q iô"O\OUôGj
~
ôÑð£ äÓåÓìÜíîïÇð<äÜæHPä3vô
ø
íì|ôNåÜíìÓðvù/Q~ôNYP¥Td

	îŁôNì3Qê
g
}< hoS< ÄíåÜTì
QòäyåÜAQòä9PíîZäÕäÓèì
c
TìÓìÜ¥åÜAQòäñÇèJ
g
}>}]mæçúï
g
TìÓúðF}ÇåÜTìÜíäPíîæHPR}Çð<äÜåÜAODoPù5zE <j
 
ã
udS æçäÓæ ñèFQò\ä|ôNåÜAQTQçæçåÜ]}
 ã

c
ñÇèæ äÓåBPíä|ôPTìÜ]_Q~ô ìÜ(P|ïTìPÜï`éeäÓèìÜä|ôNèå
úô"O\OUôS
 

ý:S   
ø
äÜTìﬀWôNåÓæòí éÎê è OGæHPTìÜíñèŁôä|ôNì`îŁôNì
ã

c|g
 
~
 dvyù, AQ~ôNúvTìTåô"QS
mÚ


 
oS
´ Y» µ Z¾

¸\º¸Ñ¸¾h¸G½

Á


 
Ç¸£½¼¸ 

½hµZ¶+º¼

µŁ·h»º
/
¾

vtäVìÜAQòAWväVíîåÓæòñÇèäVäÜíÇå$Qòä	î>QçèähtìÜñÇèTåÜäVTåsQòä	î>QçèäièåÓæTQçæòäÜäVîZíèìBPíäÓåÓìÓèæçìÜ
éäsPÑôNå|ô"QòíúèäéUñÇèŁôä|ôNìÜäSu«(PTæäÓåVäÜä|TåÓæòAQTQòAO£TåGé[ ôNètÚôNæçåªñè\QêëíìÜ(PíQçåÜ
 7  K   ap
3 :a
l :a
5 .X/B
  
ý
î>Qçèä®éÎê æçtÚíìﬀOUôNåÓæòíä¥éôNä|PÆéíOUôNæç	éÎêëTTìÓúæòiTå®ñèhQòä í
ø
äÜTìﬀWôNåÓæòíä¤äÜíÇå®î>Qçèä
ôNæòäÜäJPÑôNì<Qòä®åÜ(PÜïíQòíúæòä°éôNä<PiéíOUôNæçªäÜíåJOGæòTèZ`OUô òåÓìÓæòäÜäS
vôÀìÜ(P|ïTìPÜïEéäGñèŁôä|ôNìÜäGéôNä1Qò`éíOUôNæç`íîåÓæòñÇè ôP(PTæ¤édîì|ôNåÓæòñè`ñÇè
Qòä	ôäÓåÓìÜííO£äªäÜíåiïŁô
ø
æçåÓèä0_UèåÓæTQçæòä|Tì$QòädeYQçåÓìÜä	íîåÓæòñÇèäSÑôN>O£íæçäùtéôNäRQò
éíOUôNæçeíîåÓæòñèDQòäVñÇèŁôä|ôNìÜäÑùhTå °   äÜíÇåsQòíæç,éÎêwTåÓìÜFQòäí
ø
^ TåÜäBOUôG^ÓíìÓæçå|ôNæçìÜä
åÜíèå#ôNè1PíÇåÓì|ôNæçìÜùQ~ô¤î>Qçèäõúì|ôNé«îŁôNìÓåÓæò«éäõí
ø
^ÓTåÜä0äÜíå0éäõúô"Q~ôGZ<æòä0Tå0éä0TåÜíæTQòäÑù
äÜAQòí1Q~ô°ìÜTúæòí£éYè\PTæòAQíq1Qêëí£í
ø
äÜTìﬀWv:S
ã
QäÑê ôNúæçå#éíYP®é«îJíè>WvíæçìyéYæòäÓåÓæçúèTìQò î>Qçèä
ì|ôNîæòéAO£Tå	TådQòªî>Qçèä°

PÑôPAO£TÇå	îJíäÜäÓæ
ø
QòBQòäñÇèŁôä|ôNìÜäÆéVåÜíèähPäÆí
ø
^ÓTåÜäS


îŁôNìÓåÓæòôä|äÜAräÓæTOGî>QòùÇäÓæYQêëíeäÑê æçåÜTìÜäÜä|¤èæòñÇèAO£Tå®ôNèZUñèŁôä|ôNìÜäùväÓåéäÓèîîìÓæTO£Tì
éYè`ìÜAQòAWvùYîŁôNìJPTìÓæçåXTìÜä|O£íìÓîïíQòíúæòñÇèäÑùQòä®úô"Q~ôGZYæòä ìÜäÜíQçèäS °ÑôN>O£íæçäJPAQ~ô
îJTìﬀO£Tå¤îŁôä¤éÎêëZ>PAQçèìÜ	TåÜíæTQòä¥Tå¤úô"Q~ôGZYæòä¤éÎê ôäÓîJ(PTå¤îJíYPTåÓèAQS
vyê è\éä	îìÜAOGæHXTìÜäBO£TåÓïíÇéäBOGæòäÜäªT>íÇTè>W<ìÜGîJíèì$Qòä	úì|ôNéäVìÜAQòAWvä$tèå
é£éYæòäÓåÓæçúèTìBQòä	ñÇèŁôä|ôNìÜä	îŁôNì$QòTèìBPíè>QòTèìVîŁôNìÓåÓæHPTè>QçæHXTìÜAO£Tå
ø
QòTè:S
g
>ÎTåÑù{Qòä
Píè>QòTèìÜä«é<Päí
ø
^ÓTåÜäéôNä	QòäeYQçåÓìÜä3Q~ôNìÓúvädmPíè>W<ì|ôNå«î>QçèäÓæòTèìÜä3PTå|ôNæçä éÎê ôNúj
äÓåÓìÜí<AO£äﬁoPù¥ñÇèæﬁ(PäÜäÓæçåÜTÇå*éíYPñÇèﬁîJTè éåÜAOGîä3éÎêëí
ø
äÜTìﬀWôNåÓæòíäùäÜéYæòä4j
åÓæçúèTåÀôäÜäÜArtÚôPTæTQòAO£TÇåéPAQTQòä`éä`úô"Q~ôGZYæòä`íè5éä`TåÜíæTQòäS
N
3ìÜAW<æòTéYì|ôNæ
î>Qçèä°TEéTå|ôNæTQhäÜèì<Q~ô1tô  íEésQòä¥éYæòäÓåÓæçúèTì°îŁôNì<QòTèìdPíè>QòTèì°éôNäVQ~ôGîŁôNìÓåÓæò
 
S
 
S
f
ê è$tô  í3äÓæTOGî>QòVTå°îZíèìæçåÓìÜí<éYèæçìÜ0Q~ôxO£íåÓæTWôNåÓæòíÀñÇèæõôDPíéYèæçåR_xQ~ô£ìÜÑô"Qçæòä|ôGj
åÓæòí`éhPäÕìÜAQòAWväùíeîJTèå,PíäÓæòéTìÜTì®èÆäÜAQò(PTåÓæòí`éÎêëí
ø
^ TåÜä åÜíèå<_$tÚôNæçå
ø
ôäÓæòñÇè
ñÇèæ0äÜåiìÜÑô"QçæòäÜGäÓèìièﬁäÓæTOGî>Qò\PTìÓæçåXTìÜGäÜAQòíQ~ô`Píè>QòTèì

jkhS
g
ﬁÎTåÑùyQòäiTåÜíæTQòä
éVQ~ô	äÜñÇèTYP¥îìÓæçYPTæçîŁô"QòÆíÇå«èdPíè>QòTèì

jk@éJQêëíìÜéYìÜÆé°
S ü$OUôNúæçåÓèé	ô"QòíìÜä
ñÇètê è£íÑðôNèdôPTåÓætÎé úô"Q~ôGZYæò®åðÇîæòñÇèùC_
ø
ôäÕé(PÑô"Q~ôNúv¥äÓîJ(PTåÓì|ô"Qùô°èJPíè>QòTèì

jk
éhQêëíìÜéYìÜ	éVj|ýhOUôNúæçåÓèé:S
ã
QÎäÓå®éíYPiîJíäÜäÓæ
ø
QòÆéÎêëZPAQçèìÜ	èÆúì|ôNéÆîŁôNìÓåÓæò	éä
TåÜíæTQòäÑùJæTQyZYæòäÓåÜ
ø
æòT>äﬀ[ìiéä$PíÇå|ô"OGæçŁôNåÜäåÜAQTQòäRQòäiŁôNæçä
ø
Q~ôNYPÜïäSbvê è>éä
îìÜAOGæòTìÜä°ìÜAQòAWväVtèå¤ìÜÑô"Qçæòä|VîŁôNìhzÀôNìﬀaôNìÓæ~ôNET ý
ö
vû/S

ìÜAQòAWvéÎê æTOGîJíìÓå|ôNYPstèå
QòGó0ô"QòíOUôNìs«ìÓæçúïå èŁôä|ôNìB}ÇèìﬀWvTðÀîŁôNìB}/PÜï>OGæòéYåVTå  ÆìÜT m ý
ö÷: 
oyQòTèì	äÜAQò(PTåÓæòí
ôNåÓåÜTæçå°èV

PÑôPTæçåÜéÎê ôNîîìÜí(ZYæTOUôNåÓæTWvAO£Tåªû   ù¹ôWv(PUýýTþ °   PíeìﬀO£ääÓîJ(Pj
åÓìÜíäPíîæòñÇèAO£TåS
ã
QÕäÓå$PAQ~ôNæçìªñÇè\Qê èåÓæTQçæòä|ôNåÓæòí,éxPTåÓåÜUäÜTè>QòFPíè>QòTèìVGîJTìﬀO£Tå
îŁôä«é¥ìÜTéYìÜdPíOGîåÜÆé¤åÜíèäQòäÕñÇèŁôä|ôNìÜäÑùÇT\åÜíèåPÑôä é¤åÜíèåÜäQòTèìÜä,PÑôNì|ôPTåÜTìÓæòä4j
åÓæòñÇèäÑùTåõéíYP«îŁôNì0è«åÜAQTQò«ä|AQò(PTåÓæòí\QòähìÜAQòAWväiOUôNñÇèTå#è¨íO
ø
ìÜ æTOGîZíìÓå|ôNÇå
é ñèŁôäLôNìÜä#ñèæYíå#îìÜí
ø
ô
ø
QòAO£TÇåÕéäiPíè>QòTèìÜäyéYæÎTìÜTåÜäS
N
«ìÜAW<æòTéYì|ôNæî>Qçèä0å|ôNìÜé
äÓèì|Qòä¤ÎTåÜä¤é	ä|AQò(PTåÓæòíäÑùQçæòäV_0Qêë

PÑôPTæçåÜ:S
f
ê ôNèåÓìÜä¥ìÜAQòAWvä¤íå°äÜä|ôÑðvÆåÓìXä®å å
éÎê èåÓæTQçæòäÜTì1PíO\O£DPTìÓæçåXTìÜeéeäÜAQò(PTåÓæòíèeôNèåÓìÜDPÑôNì|ôPTåÜTìÓæòäÜåÓæòñèeæTOGîJíìÓå|ôNåÜdéä
ñÇèŁôä|ôNìÜä QòTèìÜäJQ~ôNìÓúvä¤ì|ôNæòä¥éÎêëAOGæòäÜäÓæòíEéôNä|QêëíîåÓæòñèVTåJQê è>QçåÓì|ô(W<æòíQòTåS
vô äÜAQò(PTåÓæòíﬁîŁôNìsPTìÓæçåXTìÜäªé\Píè>QòTèìV(PäÜäÓæçåÜGé£åÜíèåÜ1tÚô  í>è\PíeìﬀOUôGj
åÓæòí\äÜîZ(PTåÓìÜíäPíîæòñÇèùYôNèxeŁô"QŁæTQ¹ð£ô	éíYP¤èîJTìÓåÜ¥é¤åÜAOGîä«éÎêëí
ø
äÜTìﬀWôNåÓæòíbS


äÜíQçèåÓæòíﬁñÇèæitèå	ôéíîåÜ1tèåié¨î>Q~ôPTì	èﬁäÓðYäÓåXAO£¨éGéYæòäÓîJTìÜäÓæòí*éAWôNÇå$Qòäiéj
åÜ(PTåÜTèìÜäÑù>PiñÇèæÎîZTìﬀO£Tå¤éÎêëí
ø
åÜTæçì¥èÆæTOUôNúvRPíåÜTŁôNåèhOVð<ìÓæ~ôé	éiäÓîJ(PTåÓìÜä
_GåÓìXä
ø
ôäÜäÜ	ìÜäÜíQçèåÓæòíbS¹ æçäÓæõTî>Qçèä°ésPTìÓæçåXTìÜä°äÓèì<QòäVPíè>QòTèìÜäÑù¹íEîZTèådPíO1j
ø
æçTìJQ~ôGéTåÜ(PTåÓæòí3éÆì|ôNæòä¥éÎêëAOGæòä|äÓæòíúì9Ps_\Q~ôGäÓîJ(PTåÓìÜíäPíîæò	ä|ôNäJtTÇåÜ:S6u«TåÓåÜ
åÜ(PÜïæòñÇèeäÑê ôNîî>Qçæòñè\äÜäÜTÇåÓæòAQTQòAO£Tå£ôNèZﬁñèŁôä|ôNìÜä0_`è,é(PÑô"Q~ôNúvUäÓîJ(PTåÓì|ô"QÕäÓèîJj
ìÓæòTèìR_UYùYQ_UíqQ~ô£ì|ôNæòVéÎêëAOGæòäÜäÜæòívÎð/OUôNj
α
m2Q~ô£î>Qçèä¥æTOGîJíìÓå|ôNåÜ&o¥ìÜTåÓìÜéôNädQò
éíOUôNæçRW<æòäÓæ
ø
Qòxm2Wvíæçì¤îŁôNìﬀOGæbQòä¤îìÜAOGæòTìÜä¤ìÜAQòAWvä<°ívôNú£TåV}COGæçåÓï>ý
ö
ûû:oSYvê èéä
îìÜí
ø
QHXAO£ä	ñÇèæõAO£TìÓúvÑôDtèådQê æòéTåÓæeﬃPÑôNåÓæòí>éä°ì|ôNæòäiéÎêëAOGæòäÜäÓæòí*éYæçìÜ(PTåÜAO£TÇåVäÓèì
Qòä¥éTåÜ(PTåÜTèìÜä&S
g
EJTåÑùﬃQ~ô¨ìÜ(PÜïTìP|ïéôNä<Qê æTOUôNúvªéÎê èîæHPVéÎêëAOGæòäÜäÓæòíÀäÜhtôNæòä|ôNæçå
_0Qêëí<TæTQJTå|WôNìÓæòiéÎê è í
ø
äÜTìﬀWôNåÜTèìV_BQê ôNèåÓìÜ:S *Wv(PhQòä ìÜAQòAWvä®î>Qçèä®ìÜ(PTåÜäùèiäÜj
Qò(PTåÓæòí`ôNèåÜíOUôNåÓæòñè<tèå3OGæòäÜ¥T\î>Q~ôP:S
f
ôNä	Qò<vôNìÓúvd«ìÓæçúïå èŁôä|ôNì|}Yô"OGî>Qò¥îŁôNì
 
 	
  

ZAOGî>QòsmíåﬀrTå«ô"QSý
ö÷
û:oPùñÇèæîZTìﬀOGæçåQê æòéTÇåÓæeﬃPÑôNåÓæòí`éÎêl_ÆîZTèGîìXäýÑ


iñÇèŁôä|ôNìÜäS
vyê èéäiåÓìXä	ìÜ(PTÇåÜäVäÜíéôNúvä	ñÇèæyîJTìﬀOGæçåièUô(WôNYPGæTOGîJíìÓå|ôNåÜ\éôNä$Q~ô
ø
ôäÜ`éPíŁôNæòä|ä|ôNYP éä£ñÇèŁôä|ôNìÜä£äÓå\Qò é> R}>4ìÜéäÓïætåD}ÇèìﬀWvTð5Su«AQçèæjkPTæ°ô
îJTìﬀOGæòä	éGäÜAQò(PTåÓæòíTì	îŁôNì$PTìÓæçåXTìÜä	é\Píè>QòTèìm
u
ù
bj
ù
r
o¤þþüvûdí
ø
^ÓTåÜä	éíÇåª
 
 : ÷
äÜÕìÜAW5XAQòTåwTåÓìÜ éä#ñèŁôäLôNìÜäSu««ìÜAQòAWv®ô°TåÜ,PíOGî>QòTåÜ îŁôNì*Qò®é/t R}> ìÜéäÓïætå
äÓèìﬀWvTð ñÇèæÆæòéTåÓæeŁ
 
,ñÇèŁôä|ôNìÜädTÄî>QçèäISvtä`éíä ôPTåÓèAQTQòädîìÜíW<æòTTå
éäÜíìﬀOUôNæòä®éYè}
f
}>}m}CQòívôN
f
æçúæçå|ô"Q+}CaÇð}ÇèìﬀWvTðYoñèæÎô	îJíèì í
ø
^ (PTåÓæt0éé(Píè>W<ìÓæçì
î>Qçèä`é ýÑ

 


ñÇèŁôä|ôNìÜä`ô(Wv(P3èO£TåÓïí<é*éEä|AQò(PTåÓæòí=îŁôNìQòä]Píè>QòTèìÜä +^Ó
é(PTìÓæçì|ôNætî>Qçèä<QòíúèAO£TåVPAQçèæjkPTæõéôNä|Q~ô¨îŁôNìÓåÓæòVSçý:S
vô°äÜAQò(PTåÓæòíx_¥îŁôNìÓåÓæçì#é	Qê è>QçåÓì|ôGjW<æòíQòTå#tê ô¤îŁôä0TåÜQêëí
ø
^ÓTåõé«úì|ôNéäõìÜAQòAWväÑùNîŁôä
äÓè

ä|ô"O\O£TÇåhäÜTäÜæ
ø
QòyT	åÜíèå*PÑôä&S
c
íèåìÜ(PAO\O£TÇå0ô¤TåÜQ~ôNYPQò#îìÜAOGæòTìõä|ôNåÜAQTQçæçåÜ
ñÇèæ|WôEîJTìﬀO£TåÓåÓìÜ é]PTìÜTìFPeîìÜAOGæòTìFPÑôNå|ô"Qòíúè   Æ dv
g
1 m  iô"Q~ôGZYð
g
WvíQçèåÓæòí
g
ZYî>QòíìÜTìVQ~ôNYPªîŁôNìdQ~ô ° h}< ﬃT*


 
oS6vôFOGæòäÜäÓæòí3ôGîJíèì
ø
èåÆéRtôNæçìÜsQòVìÜAQòAWv
é`î>Qçèä\é


*éTúìÜäFPÑôNìÓìÜä\éôNäxQê è>QçåÓì|ôGjW<æòíQòTåm ý
 
ü
Gj|ý
÷


 TåEý
÷


Gj
÷



RoPù>^ èäÜñètêl_ èFOUôNúæçåÓèédéeüS ü Svt
ø
èåîìÜAOGæòTìGé  Æ dv
g
1+têëäÓåVîŁôä¨é
ìÜ(PÜïTìP|ïTì	Qòä°  ¨ù"OUôNæòä0æTQäÜ«åÓìÜíè>Wv®ñè,PTåÓåÜ,OGæòäÜäÜæòí¨äÜåõîŁôNì4tôNæçåÜAO£Tå ôéôNîåÜ
îJíèì¤TTåÓèéYæòTìJQòä®îìÜíîìÓæòTåÜäéôNä|Qê è>QçåÓì|ôGjWÇæòíQòTåÑù¹äÜäÜTÇåÓæòAQTQòAO£TåTtÚôNæòä|ôNÇå®è
PíìÓìÜAQ~ôNåÓæòíÀôWv(PRQòä<PÑôNå|ô"Qòíúèäé    PíèäS
 èeŁô"QQ~ô\éä9PTìÓæçîåÓæòí PíOGî>QHXTåÜGéäRPÑôNì|ôPTåÜTìÓæòäÓåÓæòñÇèäVéäiñÇèŁôä|ôNìÜä°îŁôäÜäÜîŁôNì
Qê èåÓæTQçæòä|ôNåÓæòídé¤úì|ôNéä (PÜïŁôNÇåÓæTQTQòíäSvtäÕîìÜAOGæHXTìÜäÕìÜ(P|ïTìPÜïä®éñèŁôä|ôNìÜäÕ¤îJíèj
WôNæòTåUñÇè`éYæ

PTæTQòAO£TåeèåÓæTQçæòäÜTìxQòdîJTè éPíŁôNæòäÜä|ôNYPñè`Qêëí@ôWôNæçå\äÓèìxPä
í
ø
^ÓTåÜäS ÑôN>O£íæçä	QòäyéTìÓæòTìÜäÎíìÓåÜäéôNä	P¤éíOUôNæç¤íåîZTìﬀOGæòäÕé åÓæçìÜTìyîìÜí"eå
éäGéíäUôPñÇèæòäÜä8^ÓeìÜAWÇæòTéYì|ôNæ¤T éTå|ôNæTQ¤äÓèì\PdîJíæçåUôWv(P`Q~ô3éäPTìÓæçîåÓæòí
éYè }
f
}>}8S*zÀôNæòäVæTQ\tôNèå	îŁôä0wTåÓìÜUäÜTúìÜTúôNåÓæòíæòäÜåÜUîŁôNìªì|ôNîîZíìÓå¨ôNèZ>éíOUôNæçä
éÎêëTTìÓúæòUTåi¨ìÓæòTíè
ø
QçæòTì	îZíèì$wTåÓìÜUäﬀ[ì	éÎê ô(Wvíæçìªè1WÇè¨îŁôNYP|ïìÜíOUôNåÓæòñèeéä
ñÇèŁôä|ôNìÜä¤Tå¤éRQòTèì¤îìÜíîìÓæòTåÜä&S

		
 r yp#wyxŁ wyx)svxŁq yxsq yx)NÕÚJuÎr z×xŁ w
 
svxŁhrv wypﬁ@uÎyxŁ
w¥{òŁxs×x
èAQTQòä«äÜíå3QòäyéYæÎTìÜTåÜäO£TåÓïíÇéäÕñèæ¹íåÕTåÜ¥èåÓæTQçæòäÜäyîJíèìyìÜ(P|ïTìPÜïTì,Qòä
ñÇèŁôä|ôNìÜä,^ èäÜñètêl_`ôNè^ÓíèìÜéÎê ïèæ 
f
ôNäiè>îìÜAOGæòTìVåÜAOGîä	íôW<è>ñÇè1Qòä	ñÇèŁôä|ôNìÜä
íå¤TåÜÆìÜ(P|ïTìPÜïä<WÇæ~ô¨éä®í
ø
äÜTìﬀWôNåÓæòíä®ì|ôéYæòíùOUôNæòä|Qêë

PÑôPTæçåÜVäÓåtÚôNæ
ø
Qòùé[_0Q~ô
tôNæ
ø
Qò¤ñèŁôNÇåÓæçåÜ¤é¤ñÇèŁôä|ôNìÜäyAO£TåÓå|ôNÇåÕÎ(PTåÓæTWvAO£TåÕTUì|ôéYæòí>S
g
äÓèæçåÜùvéÎê ôNîìXä	QòTèì
äÓîJ(PTåÓìÜÕíGô¥îè0PíOGîìÜTéYìÜ®ñÇè3Pä0í
ø
^ÓTåÜäõîìÜäÜTå|ôNæòTÇå#èZ>P(Xä0éÎêëAOGæòäÜäÓæòíGéôNä
Qò
ø
QòTèPíOGîŁôNìÜ\_FQ~ô£î>QçèîŁôNìÓåÆéäÆTåÜíæTQòäS
ã
Qhäê ôNúæòäÜä|ôNæçåiô"QòíìÜä°éstôNæçìÜsQ~ô£ìÜ(PÜïTìPÜï
W<æ~ô\éäÆZ>P(XäiäÓæTOGî>Qòäié1Píè>QòTèìÑùÎäÜäÜTÇåÓæòAQTQòAO£TåVéôNähQò
ø
QòTèbS
f
äiZP(Xä

j
~


j  ¨ùtñÇèæy1tÚíåJ^Üô"OUôNæòäVñÇè£äÜíéTìªè£æçeYO£UîŁôNìÓåÓæòUéäsPÑôNì|ôPTåÜTìÓæòäÜåÓæòñèäéä
ñÇèŁôä|ôNìÜäÑùíåyîJTìﬀOGæòäyé®é
ø
èåÜTìéä0ìÜ(P|ïTìPÜïä,_°úì|ôNé¤(PÜïAQTQò:S vôÆäÓîJ(PTåÓìÜíäPíîæò
ä|ôNäJtTÇåÜªô¨îJTìﬀOGæòäéÎêëTìÓæHP|ïæçìVQòäVPÑôNå|ô"QòíúèäÆéVñÇèŁôä|ôNìÜä¥éYè]tôNæçåé$Q~ô1tôPTæTQçæçåÜVé
ìÜTîJTìÜTìQòä#ì|ôNæòäyéÎêëAOGæòäÜäÓæòí\OxwAO£¥äÓèì#éäyäÓîJ(PTåÓìÜä
ø
ôäÜäÜ«ìÜäÜíQçèåÓæòíbS5vhô°ìÜ(PÜïTìPÜï
èåÓæTQçæòä|ôNÇå<Qòä¥éíä°íîåÓæòñÇèä¤îJTèå¥äÜ
ø
ôäÜTìÆôNèäÜäÓætäÓèìJQ~ô\WôNìÓæ~ô
ø
æTQçæçåÜªéä¥ñÇèŁôä|ôNìÜäS
U
æçìÜTådTäÓèæçåÜQòä\ìÜ(PÜïTìP|ïä éäeñèŁôä|ôNìÜäeéôNäeéÎê ôNèåÓìÜäeéíOUôNæçäù 1¨ùyæçtì|ôGj
ìÜíèúvùÕì|ôðvíÄúô"O\OUô î>Qçèä\îZíèìPíOGîìÜTéYìÜQ~ô*ŁôNåÓèìÜÀéäUñÇèŁôä|ôNìÜä\ñÇè îJíèì
ôNúì|ôNéYæçìsQòäsPÑôNå|ô"QòíúèäSbvyê ôäÓåÓìÜíO£TåÓìÓæòeô ôNèäÜäÓæyTåÜ¨èåÓæTQçæòä|GîZíèìRQ~ô`ìÜ(PÜïTìPÜïeé
ñÇèŁôä|ôNìÜäÑùéYè]tôNæçå¤éhQòTèìô
ø
äÜTYP	é$O£íè>WvAO£Tå¥îìÜíîìÜ:S
 7  K   ap
3 :a
l :a
5 .X/B
  : 


 ,

Á  ,

½¼h¸ 

½õµ¹¶ º¼

µ¹·»º
/
¾

vtäªúì|ôNéääÜíéôNúväªéYèPTæòAQèåÓæTQçæòäÜTÇåªî>QçèäÜæòTèìÜä$eYQçåÓìÜä0Píè>WÇì|ôNÇåªèUúì|ôNé
îŁôNìÓåÓæòdéYèéíOUôNæçdíîåÓæòñÇèùPeñÇèæîJTìﬀO£Tå¨éUåÓì|ô(WôNæTQTQòTì£éôNäBPeñÇètê æTQPíCWÇæòTÇå
éÎê ôNîîJAQòTìQêëäÓîŁôP®éäPíè>QòTèìÜäyéYè£ä|íéôNúvù5PêëäÓå4j _Gj×éYæçìÜ|QêëäÓîŁôP|PíäÜåÓæçåÓè®îŁôNìQòä
éYæÎTìÜTYPä®TåÓìÜdQòäOUôNúæçåÓèéä|PÑô"QHPTè>Qòä®éôNä,Qòä	eYQçåÓìÜä«èåÓæTQçæòäÜä«îŁôNì,Qò°äÜíéôNúv:S
f
ôNä3PTå«äÓîŁôPVQòäí
ø
^ÓTåÜäîJTè>WvTå äÜ¥éYæÎTìÜTYPTæòTì«îŁôNìèdZP(XäÕéôNäèdPíè>QòTèì
íè éôNäBQê ôNèåÓìÜ:Sivtä0O£TåÓïí<éäGéUìÜ(P|ïTìPÜï`éôNä0QòeéíOUôNæçeíîåÓæòñÇèeîZTè>WvTÇå
äÜ°éTîŁôNìÓå|ôNúvTì®TeéTèZeúì|ôNéäÕúìÜíèîJäS/vt°îìÜAOGæòTì|PíìÓìÜäÓîZíé]_sQê èåÓæTQçæòä|ôNåÓæòí`éä
î>Q~ôNäUéôNäDQêëäÓîŁôP éäDPíè>QòTèìÜä\ñÇèæ¤îJTìﬀO£Tå\é éeæçìeéäUìÜTúæòíä\íq æTQ|tôNèå
äÜAQò(PTåÓæòíTì£éä¨í
ø
^ÓTåÜäGíè
ø
æòT QòäGZ>PAQçèìÜ:Sõó0ôNìGZYAOGî>QòdîJíèì¨äÜAQò(PTåÓæòíTì\Qòä
ñÇèŁôä|ôNìÜä®éôNä,Qòä®éYæ~ôNúì|ô"O\O£ä<Píè>QòTèì4jkPíè>QòTèì°éYè`é>,S>vô¨ä|AQò(PTåÓæòí TPíè>QòTèì
u
bj r
äÓå*tÚôNæçåÜ«TªîìÜTŁôNÇåQòä0í
ø
^ TåÜäõìÜTîJíéôNåyôNèZBPTìÓæçåXTìÜä#éPíè>QòTèì|mìÜTîìÜä|TåÜä
eúèìÜ£ý:Slû:o 
u− bj <= −0.36 m ý:Sçý&o
u− bj < 0.12 − 0.8(bj − r) m ý:S 5o
bj − r < 0.05 m ý:S   o
m ý:S þCo
vt¨äÜ(PíéÀúìÜíèîJ1PíäÓæòäÓåÜ\_FP|ïTìPÜïTì$Q~ôDO£TæTQTQòTèìÜ£ôéôNîå|ôNåÓæòí*îJíäÜäÓæ
ø
QòéÎê è
äÓîJ(PTåÓìÜGéYè*å×ð<îZGé1Qêëí
ø
^ÓTå	ìÜ(P|ïTìPÜï\ôNèZPíè>QòTèìÜäVéäVí
ø
^ TåÜä	éYè PÑôNå|ô"Qòíúè:S
g

PAQ~ôNæçìÑùZæTQ#äÑê ôNúæçåiéBPíOGîŁôNìÜTìRQòähOUôNúæçåÓèéäÆåÓïíìÓæòñÇèäií
ø
åÜTèäs_\îŁôNìÓåÓæçìiéäÆæçj
tÚíìﬀOUôNåÓæòíäUäÓîJ(PTåÓì|ô"Qòä£é`éYæÎTìÜTåÜäUí
ø
^ÓTåÜämTåÜíæTQòäÑù#ñÇèŁôä|ôNìÜäÑù0úô"Q~ôGZYæòäﬁo¨ôNèZ OUôGj
úæçåÓèéä	í
ø
äÜTìﬀWvä&S+u«(PTæ#æTOGî>Qçæòñè£ñÇè0QêëíﬁäÓèîîJíäÜ1PíŁô òåÓìÜGåÜíèäRQòäiäÓîJ(PTåÓìÜä
îJíäÜäÓæ
ø
QòéôNäQê èæTWvTìÜä0TåõæTQ5tôNèåõTäÓèæçåÜPÑô"QHPTè>QòTìQ~ô¤îìÜí
ø
ô
ø
æTQçæçåÜ«îJíèìP|ïŁôPTè¨éÎêëTèZ
éiìÜTîìÜí<éYèæçìÜRQòäJPíè>QòTèìÜäí
ø
äÜTìﬀWväS
u«TåÓåÜRO£TåÓïí<éVô¨íå|ô"O\O£TÇåTåÜVôNîî>QçæòñÇè	éôNäéYæTWvTìÜäJPÑôä 
 v#ìÜAQòAWvu|dzJ=ýûRm

íQtŁTåhô"QSR

NþCoS T ®éôNîåÜTì0éäéYæòäÓåÓìÓæ
ø
èåÓæòíäõéÎêëTTì4j
úæòUäÓîZ(PTåÓì|ô"QòUìÜAWÇæòTÇå1_ôéôNîåÜTìVèäÜîZ(PTåÓìÜGïŁôNèåÜUìÜäÜíQçèåÓæòí _dèäÓîJ(PTåÓìÜ
tôNæ
ø
Qò ìÜä|íQçèåÓæòí Svhô*îŁôNìÓåÓæòtÚôNæ
ø
QòEìÜäÜíQçèåÓæòí Tå|ôNå`TŁtôNæçåFQòPÑôNå|ô"Qòíúè
îïíåÜíO£TåÓìÓæòñÇèUí
ø
åÜTÇèD_eåÓì|ôWvTìÜäVéYæTWvTìÜäReYQçåÓìÜä&SÎóõôNìZYAOGî>QòDu|dzJ<j|ýû
èåÓæTQçæòä|ýû$eYQçåÓìÜä îJíèì®ä|ô	îïíåÜíO£TåÓìÓæòVé
 
ü

¨ô
ö: 


  P°ñèæ{PíìÓìÜäÓîJíé
úìÜíä|äÓæHXTìÜAO£Tå<_VèeäÜîZ(PTåÓìÜ°é°åÓìXä	tôNæ
ø
QòìÜäÜíQçèåÓæòíbS>vtdPÜïŁô"OGîPíè>WvTìÓå®äÓå
é
 
ý:S üYê+Z
 

Yê_è\îìÜí"tíéTèìGT
~
éÎêl_ îJTèîìXäGNþYS
ã
Q«äÓå
ø
í,ÑôNj
O£íæçä¥é	äÓæçúŁô"QòTì¥ñÇèhQê èåÓæTQçæòä|ôNåÓæòíEéÎê èEäÓæÎúì|ôNé`íO
ø
ìÜªéheYQçåÓìÜä®îJTìﬀO£Tå
éÎê ôNåÓåÜTæçéYìÜ¤è î>Qçèä#úì|ôNé îìÜ(PTæòäÓæòí£éôNäQê ôéôNîå|ôNåÓæòí\ôNèZ1O£í<é>XAQòäÑùOUôNæòä
Píä|íO\O£
ø
ÑôNèYPíèîî>Qçèä¥éÆåÜAOGîä¥é	åÜAQòäPíîZ:S
 u«TåÓåÜiô"QçåÜTìÓŁôNåÓæTWv	ôôNèäÜäÓæJTåÜVP|ïíæòäÓæòÆîŁôNìQò¥ìÜAQòAWvh  
c
u m«Tæ ^ æçúj× ìÓæTrÑíŁôGj
c
 ¥æçîJTæju«í(PTåÓæHPTèåﬁoîZíèìÕìÜ(PÜïTìP|ïTì¤éäñÇèŁôä|ôNìÜäÕTåÕéTåÜTìﬀOGæçTìQòTèì«é(PÑôGj
Q~ôNúvVäÓîZ(PTåÓì|ô"Q	m

èETå¥ô"QSŁ


 
oS


 ôNèåÓìÜ3O£TåÓïí<é éìÜ(P|ïTìPÜï¥ôTåÜ3OGæòäÜ«ôNè¨îJíæçå0îŁôNìQêëñèæçîJÕé Æ 
ã
 ªù
ñÇèæhôWôNæçåîìÜAWÇèÀéÎê èåÓæTQçæòäÜTìéäJeYQçåÓìÜä¥îJíèìJtôNæçìÜRQò$OxwAO£VåÓì|ô(WôNæTQhéBPAQ~ôäÜäÓæe>j
PÑôNåÓæòíbSyvyêëñÇèæçîJ¨ôWôNæçå	ô"QòíìÜähPíOGîŁôNìÜ¨åÓìÜíæòä°å×ð<îZäÆéBO£TåÓïíÇéäÆîJíèìiäÜAQò(Pj
åÓæòíTìhQòäÆí
ø
^ÓTåÜä1mPtﬀS{u3Q~ôäﬀavTäiTåÆô"QSJ

5o Łè0O£TåÓïí<é¨éÎê ôéôNîå|ôNåÓæòí
_\éäÆéYæòäÓåÓìÓæ
ø
èåÓæòíäiéÎêëTTìÓúæò¨äÓîJ(PTåÓì|ô"Qòù¹è*ôNì
ø
ìÜ¨éªé(PTæòäÜæòí3Tå°èÀìÜäÜÑôNè
éÆTèìÜíä&SﬃvtTèì<PíYPAQçèäÜæòítùäÜAO
ø
Qò$tÚôWvíìÓæòäÜTìJQ~ô¨éTèZYæHXAO£RO£TåÓïí<é:S
 þ
 	
  

 

ý:Slû 
f
æ~ôNúì|ô"O\O£DPíè>QòTèì4jkPíè>QòTèì¨îZíèì$QòäªñèŁôäLôNìÜäVéYè
R
R@ôNìÓì|ôNúv
Td(PÜïŁôNåÓæTQTQòíEé°é(PÑô"Q~ôNúvÆäÓîJ(PTåÓì|ô"QÎé
∆z = 0.5
S>vä3Qçæçúä æçéYæòñÇèTå,QòäQçæTOGæçåÜä
é`Q~ôÀäÜAQò(PTåÓæòítùQòä¨îJíæçåÜä£ä|íå1Qòä£ñÇèŁôä|ôNìÜä¨îìÜäÜTåÜäUéôNä\PÜïŁôñÇè`æçåÜTìﬀWô"QTQò é
é(PÑô"Q~ôNúv¨äÓîJ(PTåÓì|ô"QõæçéYæòñÇèTÀïŁôNèåR_\éYìÜíæçåÜé0PÜïŁôñÇè¨îŁôNÑôNèbSJ 
ø
ôäÆé(PÑô"Q~ôNúv
äÓîJ(PTåÓì|ô"QimÚ
S 

<
r
<

S ü5o	QòäPíè>QòTèìÜä éä ñÇèŁôä|ôNìÜä äÜíå î>Qçèä«ìÜíèúvä T
bJ − r ùéíYP
Q~ô ä|AQò(PTåÓæòí,T
u − bJ ô î>QçèäªéÎê æTOGîŁôPTåSõ  úì|ôNéé(PÑô"Q~ôNúveäÓîJ(PTåÓì|ô"Qdm2r > 5ohQòä
Píè>QòTèìÜä¥éAW<æòTTå°éiî>Qçèä¤T î>Qçèä¤ìÜíèúväS6uÕìÜí<íO+Tå¥ô"QS+mÚ

Nþ£îŁôNîæòTì 1
ãÜã
oS
  íåÜTìVôNèäÜäÓæù
ø
æòT>ñÇètê æTQ#GäÑê ôNúæòäÜä|ªîŁôäVéÎê èﬁìÜAQòAWv£éYæçìÜ(PTåÜAO£TåééYæòF_Q~ô
ìÜ(PÜïTìP|ïdéUñÇèŁôä|ôNìÜä$Qò
UVUhf
} m
U°ã
zR}
U
v
c f
Tî }ÇèìﬀWvTðn0S+vtDiXAWÇìÜ\Tåô"QS


NþCo°ñÇèæ0äÜå°è*ìÜAQòAWvGäÜîZ(PTåÓìÜíäPíîæòñÇè:S+u«AQçèæjkPTæPíè>W<ìÜGéäRPÜïŁô"OGîä	é iô"QòZÎù
QêëTåÓèé®éQ~ô°ŁôNåÓèìÜ®éä#í
ø
^ TåÜä0îJíèìÓì|ô°éíYP®äÑêëTìÓæHPÜïæçìÕéP«ìÜAQòAWv®T¨è>QçåÓì|ôGjW<æòíQòTåS
 7  K   ap
3 :a
l :a
5 .X/B
  
ü


 ,

Á  ,

¸
 
¼Î¾

¸£½ º  

¾hÁR¸
vtä£ôNèåÓìÜäUéíOUôNæçä£éÎêëTTìÓúæò`äÜíå£ä|äÜTåÓæòAQòä¨îJíèì1Q~ôPíOGîìÜTïTäÜæòí îŁôNj
PÜïìÜíOUôNåÓæòñÇè£éäiñÇèŁôä|ôNìÜäSyvôdäÜAQò(PTåÓæòíW<æ~ôDQòGéíOUôNæç¨ì|ôéYæòí`äÑêëäÓåÆúvTTì|ô"QòAO£Tå
Î(PTåÓè£TﬁîŁôNì|ô"QTQHXAQòùhôGeéÎêwTåÓìÜ£î>Qçèä	

PÑôPùõô(Wv(P£è>ìÜAQòAWv£íîåÓæòñèUTﬁèåÓæTQçæj
ä|ôNÇåVéäVZ>P(Xä	éxPíè>QòTèìÜääÓæTOGî>Qòä$PíO\O£

jkhS
g
>æçtì|ôGjìÜíèúvùæTQäÓåiîJíäÜäÓæ
ø
Qò
éÎêëäÜä|ôÑðvTì®é¥ìÜ(P|ïTìPÜïTìJQêëZ>P(Xä é<Qçè>OGæçíäÓæçåÜÆéôNä,PÆéíOUôNæçÆéÎêëTTìÓúæò1mví 5Tå
ô"QStý
ö÷÷
oS
vtäñÇèŁôä|ôNìÜä	îJTè>WvTå¨TYPíìÜFwTåÓìÜ\éYæòäÓåÓæçúèäªéäTåÜíæTQòäªîŁôNì$QòTèìô
ø
äÜTYPeé
O£íè>WvAO£TåªîìÜíîìÜm}YôNéôNúv  vÎèð<åÜT ý
ö
vû<ùÆìÜí>ôNéuÕïæçè ý
ö÷
ýù¥í<í`Tåªô"QS
ý
ö÷
5oS
f
ôNäP°éTìÓæòTì|PÑôäQ~ôVäÜAQò(PTåÓæòídtêëäÓå îŁôä«åÓìXä 

PÑôPÆTå«éíæçå|wTåÓìÜèåÓæTQçæòäÜ
TPíO
ø
æçŁôNæòäÜíÀôWv(P	éÎê ôNèåÓìÜä¤åÜAQTQòäñèhQ~ô0WôNìÓæ~ô
ø
æTQçæçåÜ:S
c
(PÜïæòñÇèAO£Tå°æTQtäÓå®î>Qçèä,tôPTæTQòiéÆîìÜAWvíæçì®èRO£TåÓïíÇéiéiä|AQò(PTåÓæòí îìÓæçYPTæj
îŁô"QòÕîZíèìhèVìÜAQòAWvùNTåõTäÓèæçåÜÕéÎê èåÓæTQçæòäÜTì ×T
ø
íèä	PÕñèîZTè>WvTÇå0íèäõôNîîJíìÓåÜTì
QòäôNèåÓìÜä<O£TåÓïíÇéä&S
c
ð<îæòñèAO£TÇåÑùﬃQò0}
f
}>} ôGäÜAQò(PTåÓæòíVä|äJPÑôNéYæòéôNåÜääÜèì¥éä
PTìÓæçåXTìÜä é<Píè>QòTèìÑù<åÜíèåÕTeîìÜTŁôNå T`PíOGîåÜ<Qòä«äÜíèìPäÕì|ôéYæòíªéd
ã ~
}
c
SCu«(PTæ
îJTìﬀO£TåVé\QçæTOGæçåÜTì$Qòä	ÎTåÜäVéGä|AQò(PTåÓæòíéÎê èGîŁôNìÓåVTå	T>î>QçèäVéÎê ô"O£AQçæòíìÜTìsQêët2j
eﬃPÑôPTæçåÜéYè ìÜAQòAWv:Su«(PTæ¥Pí[åÜ îŁôä£î>QçèäDPÜïTìeT åÜAOGîäUé`åÜAQòä9PíîZPÑôNìxQòä
éTèZ äÜPíOGî>QHXTåÜTå TåUîJTè>WvTå]wTåÓìÜÀééYæòä_éäeTåÓèéä\éYæÎTìÜTåÜäQê æTOGîJíì4j
å|ôNå®îJíèì îZíè>Wvíæçì|Qòä®ZYî>QòíæçåÜTì¤TdîŁôNì|ô"QTQHXAQò	Tå|ôNå¤ñÇètê æTQÎäÜíæçå îZíä|äÓæ
ø
QòÆé<tôNæçìÜ°è
PíìÓìÜAQ~ôNåÓæòí=TåÓìÜQòä\éTèZ PÑôNå|ô"Qòíúèäù«TåeéíYPEñÇèQòäDOxwAO£ä\ìÜTúæòíäeéYè PTæòAQ
äÜíæòTÇå$Píè>WvTìÓåÜäS
ã
Q#äÑê ôNúæçåVô"QòíìÜäié0tôNæçìÜ0Q~ôPíìÓìÜAQ~ôNåÓæòí>TåÓìÜxPÑôNå|ô"Qòíúèäù{PêëäÓå4j _Gj
éYæçìÜeéÎê æòéTåÓæeŁTì\PÜïŁôñÇèdéTåÜ(PTåÓæòí éôNä0PÜïŁôñÇèPÑôNå|ô"Qòíúè`_èUä|íèìP\éôNä0Qò
PTæòAQSvyê èEéäxO£TåÓïí<éäxQòäGî>QçèäUîìÜíO£TåÓåÜTèäÜäeTå|ôNå\ä[ìÜAO£TåFQ~ô PíìÓìÜAQ~ôNåÓæòí
TåÓìÜBPÑôNå|ô"Qòíúèä¥íîåÓæòñÇèä¥Tåﬁ1 S>vô¨îìÜ(PTæòäÓæòíÀT 1äÜå¤éäÜíìﬀOUôNæòä¥äÓè

äLôNåÜ	îJíèì
ñÇèhQ~ô\PíìÓìÜAQ~ôNåÓæòíEéÆîJíäÓæçåÓæòíäÜíæçå®ìÜÑô"QçæòäLô
ø
Qò	ä|ôNä¤éiåÓìÜíîtíìÓåÜä¥ô"O
ø
æçúè ÚåÜäS
 
 	
  

  	
  
  ﬃ 324-(&(+1) $ !#/#!#3ﬀ    
 
  
5  

	\  ﬀ\
A%-C
ﬁ 	:=ﬂC?7C-{A: iﬂ/5  
ﬁ-C
Jﬂﬀ5;40- 
\2ﬂ/: 3F;57	 |":
2.xs`7( iﬂAﬀ 30'A
LIM
KE&?7
 
û
 ÷  	
  7 $:+7T7 6       +  	  
ﬀ pﬁﬂﬁÄuÎsx
O ﬃ ﬂGGNGNGGNGNGJNGGNGNGGNGNGGNG 	

[LZ]YZ]Y
|
qGyfXj`jBJa`klg]_utn
x
 ZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZ
[LZ]YZ\[ IrsfXqz1`g]ded]jzXh}tn
x
 ZcZcZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZ1[

qh_*y@_?rª`lkj1hr>jygQm1n_ ZcZcZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZ

qh_fj`ljJa`lkgQm1n_ ZuZcZcZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZ1w
^q3`sqd]j~Bn_{t_SmBn@qhlqkshIZuZcZcZuZcZuZcZ{ZcZcZuZcZuZcZuZcZcZuZ*
OQO RﬀS! NGNGGNGNGJNGGNGNGGNGNGGNG Wﬂﬁ
[LZ\[LZ]Y ﬃ{>zX>ksqd]g`l/h "!klqg`l_>J_>z1`}_a` qBr>r$#?h}qnLtLjzzX>_/h ZuZcZcZuZ*
[LZ\[LZ\[ fj`jBG>`klge_^jBJyXqksqgQhijBz q_?r d]_%
x
 ZuZcZuZcZcZuZ&
O'	 (T)-/03"19K5<4# H:9J;*):9/"10E@A*9J4) RﬀVGGNGNGGNG +-,
zÀíEåÓì|ôWôNæTQ#äÑêëäÜå¥îJíìÓåÜªäÓèìdQ~ôUîŁôNìÓåÓæòíîåÓæòñÇèésQêëAOGæòäÜäÜæòí3éäÆñÇèŁôä|ôNìÜäS
N
ê ôNæ
TåÓìÜiôNèåÓìÜäÕèåÓæTQçæòäÜVQòä«éíä ééTèZ\äÜíéôNúvä«îZíèìÕð£J(PTåÓèTìOUôVìÜ(PÜïTìPÜï:S
f
ê è\PíåÜ,Qò|}
f
}>}Zù }CQòívôN
f
æçúæçå|ô"Q6}CaÇð\}ÇèìﬀWvTðvùñèæYìÜTîìÜäÜTÇåÜ è¤ô(WôNYP®TíìﬀO£
TnPeñÇèæ3PíYPTìÓDQ~ô ñÇèŁôNåÓæçåÜdéUéíä]múô"Q~ôGZYæòäªTåñèŁôä|ôNìÜäoS
f
FQê ôNèåÓìÜDQò
ui
c
v} mu ôNŁôéôì|ôNYP°ô «ô
c
AQòäPíîJDvTúôPTðn}ÇèìﬀWvTð>oVñèæìÜTîìÜäÜTåÜeè
PÜïŁô"OGîÀñèŁôäÜæ{WÇæòTìÓúviTPVñèæbPíYPTìÓRQ~ôGìÜ(PÜïTìPÜïéiñÇèŁôä|ôNìÜäS
f
iíè>WvAQTQòäVO£TåÓïíÇéäé	ìÜ(P|ïTìPÜïé	ñèŁôäLôNìÜä¥íå°TåÜ	éAWvAQòíîîJä¥îJíèìJQò
}
f
}>}8Syu«ªìÜAQòAWvBtíèìÓæçå°èÀúì|ôNéíO
ø
ìÜéäÓîJ(PTåÓìÜäéñÇèŁôä|ôNìÜäTå°ìÜTîìÜäÜTÇåÜ
è¤ô(WôNYP®äÓå|ôNåÓæòäÓåÓæòñÇè«æTOGîZíìÓå|ôNÇåÜ®îŁôNì#ì|ôNîîJíìÓåôNèZªîìÜ(PéTåÜäìÜAQòAWväS:vtJ}
f
}>}
äÜTì|ôéíYP«èåÓæTQçæòäÜîJíèìõåÜäÓåÜTìiOUôJO£TåÓïí<é éÕäÜAQò(PTåÓæòíGñÇèæ<ä|Tì|ôJOGæòäÜ«Tî>Q~ôPÕîJíèì
QòäP|ïŁô"OGîäÕéYèDui
c
v*}8SCu°êëäÓå4j _Gj×éYæçìÜñè^Ó,WôNæòäyèåÓæTQçæòäÜTìyèxPÜïŁô"OGîeäÓè

ä|ô"O\O£TÇå
úì|ôNééYè }
f
}>} PíÇåÜTŁôNåUéäGí
ø
^ÓTåÜä¨í
ø
äÜTìﬀWväGTäÓîJ(PTåÓìÜíäPíîæò:S
N
ê ôNîî>QçæòñÇèTì|ôNæ
ô"QòíìÜäeäÓèìFQòäPÑôNå|ô"QòíúèäeîïíåÜíO£TåÓìÓæòñèädéYè }
f
}>}ŁOUôﬁäÜAQò(PTåÓæòítù«Tå$^Ó`îJíèìÓì|ôNæ
éTåÜTìﬀOGæçTìiäÓæ+PAQTQòjkPTæõìÜTåÓìÜíè>WvsQòä°ñÇèŁôä|ôNìÜä¥îìÜä|TåÜä°éôNä<Qò1}
f
}>}8S8vôxOGæçúì|ôNåÓæòí
éxOUô äÜAQò(PTåÓæòínWvTìÜäsQò£ìÜAQòAWv`u
c
v*}ﬁäÜTì|ô`îJíäÜäÓæ
ø
QòGúì9PeôNèZﬁìÜäÜäÜAO
ø
Q~ôNYPä
TåÓìÜ,Qòä8^ÓTèZé3eYQçåÓìÜä#èåÓæTQçæòä|ä#éôNäiQòä#éTèZäÜíéôNúväÑùñÇèæ/tíÇå#ñèQòäiO£TåÓïí<éä
é	äÜAQò(PTåÓæòíEíîåÓæTOUô"QòVäÜíÇå¤åÓìXä®îìÜí/PÜïä¤îJíèìJQòä¤éTèZdìÜAQòAWväS
N
RWôNæòä¥é(PTìÓæçìÜVT
éTå|ôNæTQ+Pä¤éTèZ`ìÜAQòAWväÑùíå|ô"O\O£Tå<Qòä¥éYæJTìÜTYPäT îïíåÜíO£TåÓìÓæò:S
 J/ .0/1.2.
vt<}
f
}>}¨ô°îJíèì
ø
èåyé,Píè>WÇìÓæçìyè åÓìXä0úì|ôNé¤îŁôNìÓåÓæò®éYèxPTæòAQîZíèì#îJTìﬀO£TåÓåÓìÜ
Q~ôBPÑôNìÓåÜíúì|ôNîïæòiéîìXä éýÑ

BOGæTQTQçæòíä®éÎêëí
ø
^ TåÜä TeîïíåÜíO£TåÓìÓæòiTå éìÜAQòAWvTì,Qòä
äÓîJ(PTåÓìÜäyé®îìXäÕé	ýÑ

	


iñÇèŁôä|ôNìÜäTåyéÎê èDOGæTQTQçæòí\é úô"Q~ôGZYæòäS5vtäÕí
ø
äÜTìﬀWôNåÓæòíä
éRPÆìÜAQòAWv	íÇåJQ~ôîŁôNìÓåÓæHPTè>Q~ôNìÓæçåÜVéÎêwTåÓìÜiÎ(PTåÓèäôWv(PièRPÑô"O£Tì|ôFu|u
f
Tå¤éíYP
íèäGô(Wvíä1Q~ôEîJíäÜäÓæ
ø
æTQçæçåÜeéÎêëT éYæòäÜîZíäÜTì¨éYæçìÜ(PTåÜAO£Tå£ä|íèästÚíìﬀO£\è>O£TìÓæòñÇè:Svt
äÜíéôNúv°íîZTìÜTì|ôVéYèì|ôNå,PTæçñ£ôNä Tå3Píè>W<ìÓæçì|ô	éôNä3Qò<PTæòAQŁþü
ø
ôNéäPíåÓæçèä
äÜTîŁôNìÜä	é£Yù üdéTúìÜäVéôNähQê ïAOGæòäÓîïYXTìÜ£íìÜé*TåiåÓìÜíæòä
ø
ôNéäiíjkPíÇåÓæçèä\_
j|ýÑ
YùZýÑüVTå®
	éTúìÜÆéôNäQê ïAOGæòäÓîïYXTìÜÆäÓèé{S v¥ìÜAQòAWvhPíè>W<ìÓæçì|ôªôNæçäÓæZîìXä éªýÑ
ª



éTúìÜä<PÑôNìÓìÜä¥éôNäJQê ïAOGæòäÓîïYXTìÜVíìÜé TåûRþ
GéôNä|Qò	äÜèé mPt4S/eúèìÜVSçý&oS
vôPÑô"O£Tì|ôdèåÓæTQçæòäÜ£äÓåBPíäÓåÓæçåÓè£éGåÓìÜTÇåÜu|u
f
muÕïŁôNìÓúvju«íèî>Qòé
f
AW<æHP&o
íìÓúôNæòäÜäiT*äÓæZPíQòíäié1PTæçñu|u
f
PÜïŁôPTèUñèæ0äÜíåRPíè>WvTìÓåÜäÆîŁôNìÆèeYQçåÓìÜ
éYæÎTìÜTå 
u
ù
g
ù
r
ù
i
Tå
z
Sbmè>a<èúæçå|ô£Tå¥ô"QStý
öö
5oS
 7Q  	    ö
 

Sçý 
~
TîìÜäÜTÇå|ôNåÓæòí\éQ~ôhPíè>WvTìÓåÓèìÜ¥éYèGìÜAQòAWv îïíåÜíO£TåÓìÓæòñÇè¥éYèF}
f
}>}GôNè
  f
ôNå|ô°ìÜAQòÑôäÜ þ «T\Pí<íìÜéíäñÇèŁôNåÜíìÓæ~ô"QòäS
ã
äÜäÓè«éYè£äÓæçåÜ«ïåÓåÓî      $SëäÜéä|äSëíìÓú
vt]}
f
}>}*èåÓæTQçæòä|eéTèZ>äÜîZ(PTåÓìÜíúì|ôNîïä1Oªè>QçåÓæj×í
ø
^ TåÜä\P|ïŁôPTè PíOGîìÜTŁôNÇå
 


e
ø
ìÜä íîåÓæòñèä <éTèZPÑô"O£Tì|ôä îZTìﬀO£TåÓåÜTÇå¤é¥ìÜ(PTèîJTìÜTì,QòäÕæTOUôNúväùCQê è°éôNä,Qò
ø
QòTè>é
3900
 _
6000
 TåRQê ôNèåÓìÜ£éôNä$QòGìÜíèúvGé
5800
 _
9100
0S{vtä
îJíäÜäÓæ
ø
æTQçæçåÜäVéÎêëTåÓèéäªúì9P`_]PäVéíääÜíåBOVè>QçåÓæçî>QòäÑùõñÇèFP£äÜíæçåBQòäVí
ø
^ÓTåÜä
îìÜí/PÜïä£é`Q~ô
c
TìÓìÜùíè Qòä¨ŁôNæçä
ø
ìÓèä\éíåFPAQTQòä£é]PAQ~ôä|äÜ
c
m2Q~ô3äÜ(Píé
ŁôNæç é]Peå×ð<îJdìÜ(PTäÜô3TåÜ`é(Píè>WvTìÓåÜ éôNä\Qò}
f
}>}îŁôNìxŁôN@TåD}ÇåÓì|ôNèäÜä



5oPù#ñÇèP`ä|íæçåîJíèì1Qêëí
ø
äÜTìﬀWôNåÓæòí éYè ïŁô"Qòí3úô"Q~ôPTåÓæòñè`îJíèì¨ðé(Píè>W<ìÓæçì\Qòä
ìÜTúæòíä°äÓèäPTîåÓæ
ø
Qòä¥éÎê ô
ø
ìÓæçåÜTìÆéä¥TåÜíæTQòä°Tå¥é(Píè>W<ìÓæçìVPíO\O£TÇå°AQTQòä°íå°TåÜVôNì4j
ì|ôPÜïäd_ªíåÓìÜÆúô"Q~ôGZ<æòùíè`îJíèì|QêëTåÓèéiéä¤äÓåÓìÓèYPTåÓèìÜä<_ªúì|ôNé	(P|ïAQTQò$_îŁôNìÓåÓæçì
é0Q~ôeéTåÜ(PTåÓæòí>éúô"Q~ôGZ<æòäÑùJíè*TYPíìÜ1Q~ô\ìÜ(PÜïTìP|ï£éäiñèŁôäLôNìÜäÑùJéíåRQ~ôeé(Píèj
WvTìÓåÜ¥äÜåQê è\éäîìÓæçYPTæçîŁôNèZ
ø
èåéYè\ä|íéôNúvùvíå|ô"O\O£Tå|PTèZF_Æúì|ôNéeé(PÑô"Q~ôNúv
äÓîJ(PTåÓì|ô"Q<m2QòäiñèŁôäLôNìÜäiäÓæçåÓèä$_
z > 5
ôðôNåªTåÜ¨îZíèìhQ~ôeî>QçèîŁôNìÓå	é(Píè>WvTìÓåÜäVéôNä
Qòx}
f
}>}>oS8vêëTäÜAO
ø
Qò£éäÆéíäÆìÜAQ~ôNåÓæTWväs_DPìÜAQòAWvGäÜíåiéYæòäÓîJíæ
ø
QòäiäÓèìdQòä
äÓæçåÜä«æçåÜTìÓTå  ïåÓåÓî     $SëäÜéäÜä&SëíìÓú Tå«ïÇåÓåÓî     $SëäÜéäÜäSëíìÓú NéYìÓþ RæçéZ{S ïåﬀO\Q,S
 	 	 
u ypÎrpIﬁÄrs×x>w
ﬀ
o
ﬀ ﬀ
vts}
f
}>}`ôBOGæòä¤T`î>Q~ôPÆè äÜð<äÓåXAO£ÆîïíåÜíO£TåÓìÓæòñÇèiîŁôNìÓåÓæHPTè>QçæòTìÑù
ø
ôäÜÆäÓèì¤éä
OUôNúæçåÓèéä1PÑô"QHPTè>Qòä¨TﬁèåÓæTQçæòä|ôNå0Q~ô`tÚíYPTåÓæòí äÓæçèäªïð<îZTì
ø
íQçæòñÇè\ôNè QçæòTè,éÎê è
tÚíYPTåÓæòí\QòíúôNìÓæçåÓï>OGæòñèsmvtèîåÜíUTåyô"QSý
ööö
oS
g
£JTåÑù"QòäiOUôNúæçåÓèéäïŁô
ø
æçåÓèAQTQòä
èåÓæTQçæòäÜTÇåÕè°(PÜïAQTQòVQòíúôNìÓæçåÓï>OGæòñè°îJíèì	O£äÓèìÜTìQòä èZJùCP¥ñÇèæ¹äÓåÕîŁôNìÓåÓæHPTè>QçæHXTìÜj
O£Tå®èåÓæTQò°îJíèì îZíè>Wvíæçì®í
ø
äÜTìﬀWvTì®é°úì|ôNéä æçåÜTìﬀWô"QTQòä¤éÎêëTTìÓúæòùTå,Qòä,Píè>QòTèìÜä
ìÜAQ~ôNåÓæTWvä`äÑêëí
ø
åÓæòTTÇå åÓìXätÚôPTæTQòAO£TÇå`îŁôNì`éäeéYæÎTìÜTYPä éOUôNúæçåÓèéäS®ó0ôNì
ZAOGî>QòRQòä|OUôNúæçåÓèéä°éÆå×ð<îZ
AB
ùéeæòä¤îŁôNìVVav   Æè m ý
ö÷: 
o 
AB = −2.5 log(fν) + 48.6
mÚSçý&o
ô(Wv(P
fν
Qò èZT
ergs cm−2 s−1 Hz−1
S5u«äyô(WôNå|ôNúväÕäÜíå#Î(PTåÓætä#äÓèìÓåÜíèå#îJíèì
éä í
ø
^ TåÜä«åÓìXä,Qçè>OGæçTèZ{SzÀôNæòäQòíìÜäÜñÇèdQò èZFO£äÜèìÜ°äÜåÕîìÜí/PÜïiéYèDtíédédPTæòAQ
Tå#ñè3Qò
ø
ìÓèæçå#æçäÓåÓìÓè>O£Tå|ô"QäÓåõæTOGîJíìÓå|ôNåÑùQòäiOUôNúæçåÓèéäiO£äÓèìÜä#äÓèìõè«åÜAQTQò
(PÜïAQTQòUíå	éäRPíOGîJíìÓåÜAO£TåÜäVäÜæçúè>QçæòTìÜäÑùÎé[ä$_DQê ôNîîìÜíCP|ï£éYè èZEÇè>QS{vt\PÑôä
ñÇèæyäÜGìÜTYPíåÓìÜFQòGî>Qçèä	ìÜTúè>QçæHXTìÜAO£TÇåäÜåRQ~ô`éTåÜ(PTåÓæòíéÎê è>í
ø
^ÓTåVéôNäVè>éä
eYQçåÓìÜähOUôNæòäRQ~ôDO£äÓèìÜGéYè èZÀéôNä	è*ôNèåÓìÜ0eYQçåÓìÜGäÜåÆñÇèŁôäÓæTO£TÇåiæTOGîZíäÜäÜæ
ø
Qò:S
ã
Q
þ

 	
  7 $:+7T7 6       +  	  
tôNèå éíYPÆåÓì|ôNæçåÜTì®åÜíèåÜäJQòä íj×éTåÜ(PTåÓæòíä¥éYæÎTìÜAO\O£TåÑùŁT`QòTèì¥ôNåÓåÓìÓæ
ø
èŁôNÇå¤îŁôNì
ZAOGî>QòUéä$Wô"QòTèìÜä$QçæTOGæçåÜä&Sbvyê èeéä	äÜíQçèåÓæòíä0PíäÓæòäÓåÜF_dèåÓæTQçæòä|TìVè£(P|ïAQTQò
éÎêëTTìÓúæò0QçæçÑôNæçìÜùŁîŁôNì°ZYAOGî>QòBQòä
N
ôNäﬀa<ð<äÑùﬃOUôNæòä°ô"QòíìÜäVQòä°TåÓèéä
ø
ôä|ääÓèìVQòä
ì|ôNîîJíìÓåÜäVé èZﬁéAW<æòTTåªîZTèﬁîì|ôNåÓæòñÇèä`mPÑôNìsQòäiì|ôNîîJíìÓåÜäªé èZ3FPíìÓìÜä4j
îJíéTå î>QçèäJ_Véä éYæÎTìÜTYPä®é<OUôNúæçåÓèé&oSﬃvyêëñèæçîJ°éYè}
f
}>}ZùYTeîŁôNìÓåÓæHPTè>QçæòTì
vÎèîåÜí,Tåô"QS	m ý
ööö
oiîìÜíîZíäÜTÇåVèeô"QçåÜTìÓŁôNåÓæTWv_`Q~ô éeæçåÓæòí,éäsOUôNúæçåÓèéä
T îìÜäÜTìﬀWôNå\Qòä£ô(WôNå|ôNúväFPíèä£TåGT AW<æçå|ôNåmäÓæHP&osQòTèìÜä¨æçYPí WvTæòTÇåÜäS
ã
Qòä
ìÜAOGî>Q~ôPTå,Q~ôdtÚíYPTåÓæòíFQòíúôNìÓæçåÓï>OGæòñÇè°îŁôNìQ~ôhtÚíYPTåÓæòí\äÜæçèäÕïð<îZTì
ø
íQçæòñèùCPAQTQòjkPTæ
éAW<æòTåJQòíúôNìÓæçåÓï>OGæòñÇè	îJíèì¥éÆúì|ôNéäJWô"QòTèìÜä¥Tå¤äÜå|QçæçÑôNæçìÜ	îìXä¤éRQêëíìÓæçúæç:S
sinh−1(x) = ln
[
x +
√
x2 + 1
]
→
{
äÓú
(x) ln |2x|, æt |x|  1
x,
æt |x| . 1
mÚS 5o
íq
x ≡ f/f0
äÓåbQò èZiíìﬀOUô"QçæòäÜÕñÇèævîJTèåhé(PTìÓæçìÜ	Q~ô|OUôNúæçåÓèé ôNîîŁôNìÜTåÜÕèäÓèAQTQò
m
PíO\O£ 
m ≡ −2.5 log10 x = −(2.5 log10 e) lnx ≡ −a lnx.
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Minstru(FIL) = −2.5log(DN)+2.5log(T )+PHOTC +PHOTK .(AIRMAS−1)
mÚSçýý&o
MSDSS(FIL) = Minstru + PHOTX .(MSDSS(PHOTC1)−MSDSS(PHOTC2))
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m l kj´
0.00± 0.00 0.00± 0.00  0.00± 0.00 0.00± 0.00 m
m l ´
0.00± 0.00 0.00± 0.00  0.00± 0.00 0.00± 0.00 
m l ±]´
0.00± 0.00 0.01± 0.00 k 0.00± 0.00 0.00± 0.00 
m*£0lŁﬀ
0.01± 0.00 0.01± 0.00 m)m 0.01± 0.00 0.01± 0.00 m*
m*£0l kj´
0.01± 0.00 0.02± 0.00 mX 0.01± 0.00 0.02± 0.00 mX
m*£0l ´
0.02± 0.00 0.04± 0.00 ] 0.01± 0.00 0.03± 0.00 
m*£0l ±]´
0.06± 0.01 0.10± 0.01 § 0.04± 0.01 0.08± 0.01 £]´
m´jlŁﬀ
0.08± 0.01 0.17± 0.01 m)m´ 0.07± 0.01 0.15± 0.01 mX]´
m´jl kj´
0.12± 0.01 0.29± 0.01 mX±ﬀ 0.11± 0.01 0.26± 0.01 m%´k
m´jl ´
0.23± 0.01 0.53± 0.01 )´ 0.21± 0.01 0.47± 0.01 ])´
m´jl ±]´
0.31± 0.01 0.83± 0.01 k´ 0.33± 0.01 0.80± 0.01 0mﬀm
m*§0lŁﬀ
0.56± 0.02 1.40± 0.02 §)£ﬀ§ 0.55± 0.02 1.35± 0.02 §ﬀk)±
m*§0l kj´
0.78± 0.02 2.18± 0.02 mXﬀ) 0.82± 0.02 2.17± 0.02 m)´
m*§0l ´
1.19± 0.03 3.37± 0.03 m*§)ﬀ± 1.25± 0.03 3.42± 0.03 mX±)
m*§0l ±]´
1.70± 0.03 5.07± 0.03 £] 1.86± 0.04 5.28± 0.03 ﬀ§]´%
m*±0lŁﬀ
1.61± 0.03 6.68± 0.03 %k]§k 2.62± 0.04 7.90± 0.04 k])§
m*±0l kj´
0.56± 0.02 7.24± 0.02 § l"l*l l*l"l ±ﬀ)
m*±0l ´
0.13± 0.01 7.37± 0.01 ﬀﬀ£ l"l*l l*l"l mX£
m*±0l ±]´
0.03± 0.01 7.41± 0.00 ﬀ l"l*l l*l"l 
0lŁﬀ
0.01± 0.00 7.42± 0.00 mX± l"l*l l*l"l ﬀ
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∑
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Ωb
6Ïº¼|ÆÄ ¼"½]Äﬂ@ ÆAÛŁºM@Ë
¿g½]»È1Á+¸j» Þ
n¯H = (1.6× 10−7 cm−3)
(
Ωbh
2
0.019
)
(1 + z)3.
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∫ ∞
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σH(ν) = σL (ν/νL)
−3, σL = 6.3× 10−18 cm2.
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J013734.2−303802   z=2.48
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separation=2.80 arcmin
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FOCAP QSF:01   z=2.27
FOCAP QSF:04   z=2.05
separation=4.40 arcmin
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separation=3.60 arcmin
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J232804.4−271713   z=2.36
separation=0.90 arcmin
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separation=3.80 arcmin
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separation=3.18 arcmin
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/*******************************************************************
Written By Franck 25/12/2005
english :
Test either a point belongs to a polygon
Input 1 is a file with the corners of the pygons, like a .reg DS9 file.
And Input 2 is a file with the coordinates in the first 2 columns
The output copy the input file containing the right points.
French:
Test si un point appartient a un polynome,
en entree un fichier contenant les points des coins des polynome
de type .reg de ds9
un fichier de coordonee
et le fichier de sortie qui recopie le fichier de coordonnees.
fonction de lecture du fichier et ecriture resultat
fonction de test d’appartennace a un polygone
******************************************************************/
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>
int pointInPolygon(int polySides,float *polyX,float *polyY,float x,float y);
int readregions(char *nom,int polySides,float x,float y);
int main(int argc, char *argv[])
{
  int polySides,result;
  char *buffer1,*buffer2;
  char *part1,*part2;
  float x;
  float coord_px;
  float y;
  float coord_py;
  
  FILE *coord=fopen(argv[2],"r");
  if(coord==NULL){
    fprintf(stderr,"Erreur dans l’ouverture du fichier");
    exit(−1);
  }
  FILE *output=fopen(argv[3],"w");
  buffer1=(char*) malloc(500);
  buffer2=(char*) malloc(500);
  while(fgets(buffer1,500,coord))
  {
    sprintf(buffer2,buffer1);
    part1=strtok(buffer2," ");
    part2=strtok(NULL," ");
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    sscanf(part1,"%f",&coord_px);
    sscanf(part2,"%f",&coord_py);
    result= readregions(argv[1],polySides,coord_px,coord_py);
    if(result==0) fprintf(output,buffer1);
  }
  free(buffer1);
  free(buffer2);
  fclose(coord);
  fclose(output);
  return 0;
}
int readregions(char *nom, int polySides, float x, float y) 
{
  char* buffer;
  char *part1,*part2,*part3,*part4;
  char *lecture;
  int i;
  float coordX,coordY;
  int belong = 0;
  float polyX[100];
  float polyY[100];
  FILE *regions=fopen(nom,"r");
  if(regions==NULL){
    fprintf(stderr,"Erreur dans l’ouverture du fichier");
    exit(−1);
  }
  buffer=(char*) malloc(500);
  
  fgets(buffer,500,regions);
  fgets(buffer,500,regions);
  fgets(buffer,500,regions);
  part1=(char*) malloc(500);
  part2=(char*) malloc(500);
  part3=(char*) malloc(500);
  part4=(char*) malloc(500);
  while(belong==0)
    {
      lecture = fgets(buffer,500,regions);
      if(lecture!=NULL)
{
  part1=strtok(buffer,"(");
  part2=strtok(NULL,")");
  part3=part2;
  i=0;
  while(part3!=NULL)
    {      
      if(i==0) part3=strtok(part2,",");      
      else part3=strtok(NULL,",");
      if(part3!=NULL)
      {
part4=strtok(NULL,",");
sscanf(part3,"%f",&coordX);
sscanf(part4,"%f",&coordY);
polyX[i]=coordX;
polyY[i]=coordY;
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i++;
      }
      else polySides = i;
    }
  // a partir d’ici j’ai les coins d’un polygone, test si le point est d
edans...
  
  belong=pointInPolygon(polySides,polyX,polyY,x,y);
}
      else 
{
  free(buffer);
  fclose(regions);
  return belong;
}
    }
  free(buffer);
  fclose(regions);
  return belong;
}
int pointInPolygon(int polySides,float *polyX,float *polyY,float x,float y)
{
  int i,j=0;
  int oddNODES=0;
  for (i=0;i<polySides;i++)
    {
      j++;
      if (j==polySides) j=0;
      if (polyY[i]<y && polyY[j]>=y || polyY[j]<y && polyY[i]>=y)
{
  if(polyX[i]+(y−polyY[i])/(polyY[j]−polyY[i])*(polyX[j]−polyX[i])<x)
   {
      if(oddNODES==0) oddNODES=1;
      else oddNODES=0;
    }
}
    }
  return oddNODES;
}
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#######################################################################
################   hyperz & make_catalog parameters  ##################
################   version 1.2 − October 31, 2001    ##################
################   by Bolzonella, Pello’ & Miralles  ##################
#######################################################################
#### Reference: Bolzonella, Miralles & Pello’, 2000, A&A 363, 476  ####
#### Web:       http://webast.ast.obs−mip.fr/hyperz/               ####
#######################################################################
A0VSED       /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/A0V_KUR_BB.SE
D  # Vega SED
FILTERS_RES  /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/FILTER.RES   
   # filters’ transmission
FILTERS_FILE  filters/CFHT.param  # filter’s file
#FILTERS_FILE   filter_SDSS.param  # filter’s file pour cat
TEMPLATES_FILE     spectra.param  # templates
#TEMPLATES_FILE    /home/ogre/HyperZ/HyperZ_New/qso_star/qso_spectra2  # templat
es pour catalogue de QSO
#TEMPLATES_FILE   /home/ogre/HyperZ/HyperZ_New/qso_star/star_spectra_pour_modele
s2 # templates pour catalogue de star
MAG_TYPE                      1   # 0: standard Vega magnitudes 
                                  # 1: AB magnitudes (Oke 1974) 
ERR_MAG_MIN                 0.01  # minimum photometric error 
                                  # (used in make_catalog if NOISE_TYPE=1)
Z_MIN                         0.  # minimum redshift
Z_MAX                         1.  # maximum redshift
REDDENING_LAW                 0   # reddening law
                                  # 0: no reddening
                                  # 1: Allen (1976) MW
                                  # 2: Seaton (1979) MW
                                  # 3: Fitzpatrick (1983) LMC
                                  # 4: Prevot (1984) Bouchet (1985) SMC
                                  # 5: Calzetti (2000) 
AV_MIN                       0.0  # minimum A_v
AV_MAX                       1.5  # maximum A_v
LY_FOREST                    1.0  # Lyman Forest
                                  # 1. : fixed Madau value
                                  # other values: 3 optical depth considered 
                                  # <tau_eff>/LY_FOREST, <tau_eff> and
                                  # <tau_eff>*LY_FOREST
#OUTPUT_FILE   models/star_0_1     # cat star
#OUTPUT_FILE   models/qso_0_6      # N.B. no extension !! pour cat
OUTPUT_FILE   D1.Galaxies # N.B. no extension !!
                                  # hyperz: root name for output files 
                                  #         (see other parameters)
                                  # make_catalog: .model  random catalogue
                                  #               .cat  catalogue with noise 
H0                           70.  # Hubble constant in Km/s/Mpc
OMEGA_M                      0.7  # density parameter (matter)
OMEGA_V                      0.3  # density parameter (Lambda)
########################### hyperz only ################################
FILT_M_ABS                   91   # filter for absolute magnitude
CATALOG_FILE    /home/ogre/HyperZ/HyperZ_New/Catalogues/D1_Cat_outdered_HZ_mask.
dat
CATALOG_TYPE                  0   # catalogue type
                                  # 0: z/cat 
                                  # 1: z/obj 
Z_STEP                      0.2  # step in redshift 
ZSTEP_TYPE                    0   # 0 step = Z_STEP
                                  # 1 step = Z_STEP*(1+z)
AV_STEP                     0.30  # Av_err 
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AGE_CHECK                      y  # check age gal. < age universe
PROB_THRESH                10.00  # prob. thresh. for second. max. (0,100) 
OUTPUT_TYPE                   0   # 0: 2.E−17 erg/cm^2/s/A, 
                                  # 1: microJy, 2: mag_AB 
SED_OBS_FILE                   n  # file .obs_sed
SED_TEMP_FILE                  n  # file .temp_sed
LOGPHOT_FILE                   n  # file .log_phot
CATPHOT_FILE                   n  # file .cat_phot
ZPHOT_FILE                     y  # file .z_phot
#######################   optional parameters    #######################
#Z_CLUSTER                     1.  # redshift of cluster
#M_ABS_MIN                   −28.  # minimum absolute magnitude (bright)
#M_ABS_MAX                    −9.  # maximum absolute magnitude (faint)
#MATRIX                         n  # file .m for each object
#SPECTRUM                       n  # file .spe for each object
#EBV_MW                        0.  # E(B−V) for galactic dereddening
######################## make_catalog only #############################
REF_FILTER                   113   # reference filter
MAG_MIN                      22.  # minimum apparent magnitude in REF_FILTER
MAG_MAX                      25.  # maximum apparent magnitude in REF_FILTER
NOISE_TYPE                    0   # 0: random noise with fixed sigma in mag
                                  # 1: noise dm(m) 
N_OBJ                      1000   # number of objects
Z_FORM                       10.  # formation redshift
AGE_RANDOM                    0   # 0 age = age of universe − T(z_form)
                                  # 1 age = random in [0,T(z)−T(z_form)]
RAND_SEED                   3010  # seed for random generator (max 4 figures)
#######################################################################
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# Parameters file
A0VSED       /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/A0V_KUR_BB.SE
D  # Vega SED
FILTERS_RES  /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/FILTER.RES  #
 filters’ transmission
FILTERS_FILE    /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/CFHT.param
 # filters’ file 
TEMPLATES_FILE   star_spectra_WD # models file
FILT_M_ABS                    91 # filter for absolute magnitude
ERR_MAG_MIN                   0.0001 # err_min
Z_MIN                        −0.002 # minimum redshift
Z_MAX                       0.002 # maximum redshift
Z_STEP                       0.0001 # step in redshift 
ZSTEP_TYPE                      0 # 0 step = Z_STEP
                                  # 1 step = Z_STEP*(1+z)
CATALOG_TYPE                    0 # cat.type
                                  # 0 z/cat 
                                  # 1 z/obj
CATALOG_FILE  /home/ogre/HyperZ/HyperZ_New/Catalogues/D1_Cat_outdered_HZ_mask.da
t
MAG_TYPE                        1 # 0 standard Vega mag, 1 AB mag 
REDDENING_LAW                   0 # reddening law 
                                  # 0 no reddening
                                  # 1 Allen (1976) MW
                                  # 2 Seaton (1979) MW
                                  # 3 Fitzpatrick (1983) LMC
                                  # 4 Prevot (1984) Bouchet (1985) SMC
                                  # 5 Calzetti (1999) 
AV_MIN                       0.00 # Av_min 
AV_MAX                       1.50 # Av_max 
AV_STEP                      0.30 # Av_err 
AGE_CHECK                       n # check age gal. < age universe
PROB_THRESH                 10.00 # prob. thresh. for second. max. (0,100) 
OUTPUT_FILE          D1.stars # name of output files (no extension)
OUTPUT_TYPE                     0 # 0 2.E−17 erg/cm^2/s/A, 1 microJy, 2 mag_AB 
SED_OBS_FILE                    n # file .obs_sedq
SED_TEMP_FILE                   n # file .temp_sed
LOGPHOT_FILE                    n # file .log_phot
CATPHOT_FILE                    n # file .cat_phot
ZPHOT_FILE                      y # file .z_phot
H0                            70. # Hubble constant 
                                  # used to compute absolute magnitude and
                                  # ages if AGE_CHECK = y
OMEGA_M                       0.3 # density parameter (matter)
                                  # used to compute absolute magnitude and
                                  # ages if AGE_CHECK = y
OMEGA_V                        0.7 # density parameter (Lambda)18.51
                                  # used to compute absolute magnitude and
                                  # ages if AGE_CHECK = y
################     cluster option    ####################
#Z_CLUSTER                   0.02 # redshift of cluster
################   optional parameters    ####################
#M_ABS_MIN                    −27. # minimum absolute magnitude (bright)
#M_ABS_MAX                     −5. # maximum absolute magnitude (faint)
MATRIX                          n # file .m for each object
SPECTRUM                        n # file .spe for each object
EBV_MW                         0. # E(B−V) for galactic dereddening
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# Parameters file
A0VSED       /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/A0V_KUR_BB.SE
D  # Vega SED
FILTERS_RES  /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/FILTER.RES   
  # filters’ transmission
FILTERS_FILE /home/ogre/HyperZ/HyperZ_New/ZPHOT1.3_galaxie/filters/CFHT.param # 
filters’ file
TEMPLATES_FILE  Template_select_Spec  # models file
FILT_M_ABS                    91  # filter for absolute magnitude
ERR_MAG_MIN                  0.0001 # err_min
Z_MIN                        0.0 # minimum redshift
Z_MAX                        7.0 # maximum redshift
Z_STEP                       0.01 # step in redshift 
ZSTEP_TYPE                      0 # 0 step = Z_STEP
                                  # 1 step = Z_STEP*(1+z)
CATALOG_TYPE                    0 # cat.type
                                  # 0 z/cat 
                                  # 1 z/obj
CATALOG_FILE   /home/ogre/HyperZ/HyperZ_New/Catalogues/D1_Cat_outdered_HZ_mask.d
at
MAG_TYPE                        1 # 0 standard Vega mag, 1 AB mag 
REDDENING_LAW                   0 # reddening law 
                                  # 0 no reddening
                                  # 1 Allen (1976) MW
                                  # 2 Seaton (1979) MW
                                  # 3 Fitzpatrick (1983) LMC
                                  # 4 Prevot (1984) Bouchet (1985) SMC
                                  # 5 Calzetti (1999) 
AV_MIN                       0.00 # Av_min 
AV_MAX                       1.3 # Av_max 
AV_STEP                      0.20 # Av_err 
AGE_CHECK                       n # check age gal. < age universe
PROB_THRESH                 10.00 # prob. thresh. for second. max. (0,100) 
OUTPUT_FILE   D1.qso      # name of output files (no extension)
OUTPUT_TYPE                     0 # 0 2.E−17 erg/cm^2/s/A, 1 microJy, 2 mag_AB 
SED_OBS_FILE                    n # file .obs_sed
SED_TEMP_FILE                   n # file .temp_sed
LOGPHOT_FILE                    n # file .log_phot
CATPHOT_FILE                    n # file .cat_phot
ZPHOT_FILE                      y # file .z_phot
H0                            70. # Hubble constant 
                                  # used to compute absolute magnitude and
                                  # ages if AGE_CHECK = y
OMEGA_M                       0.3  # density parameter (matter)
                                  # used to compute absolute magnitude and
                                  # ages if AGE_CHECK = y
OMEGA_V                        0.7 # density parameter (Lambda)
                                  # used to compute absolute magnitude and
                                  # ages if AGE_CHECK = y
################     cluster option    ####################
#Z_CLUSTER                      0.31 # redshift of cluster
################   optional parameters    ####################
M_ABS_MIN                    −100000000000000000000000000000000000. # minimum ab
solute magnitude (bright)
M_ABS_MAX                    100000000000000000000000000000000000. # maximum abs
olute magnitude (faint)
MATRIX                          n # file .m for each object
SPECTRUM                        n # file .spe for each object
EBV_MW                         0.0 # E(B−V) for galactic dereddening
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 //===  selection optimal SDSS
  // selection = where((fres(,4)!=0 & fres(,3)==0 & fres(,5) <= 5. & output(,3) 
<= 60. &  str2float(field(,5)) <= lim_mag & fres(,5) <= limz_phot_sup & fres(,5)
 >= limz_phot_inf)| ( fres(,5) <= 5. & output(,3) <= 1. & fres(,6) > 3.  &  str2
float(field(,5)) <= lim_mag & fres(,5) >= 2.6 & fres(,5) <= limz_phot_sup & fres
(,5) >= limz_phot_inf) );
  //==== selection large  
  //selection = where( (fres(,4)!=0 & fres(,3)==0 & fres(,5) <= 5. & output(,3) 
<= 60. &  str2float(field(,5)) <= lim_mag & fres(,5) <= limz_phot_sup & fres(,5)
 >= limz_phot_inf)|(output(,3) <= fres(,6) &  str2float(field(,5)) <= lim_mag & 
output(,3)<9999.) | ( fres(,5) <= 5. & output(,3) <= 1. & fres(,6) > 3.  &  str2
float(field(,5)) <= lim_mag & fres(,5) >= 2.6 & fres(,5) <= limz_phot_sup & fres
(,5) >= limz_phot_inf));
 //==== selection to avoid the redsift interval 2.2 − 2.35  −−−   Loose Selectio
n
  //  selection = where((output(,3) < fres(,6) &  str2float(field(,5)) <= lim_ma
g &  str2float(field(,7)) > lim_magi & fres(,5) <= 5. & (fres(,5) < 2.2 | fres(,
5) > 2.4) & fres(,5) <= limz_phot_sup & fres(,5) >= limz_phot_inf) | (output(,3)
 < fres(,6) &  str2float(field(,5)) <= lim_mag &  str2float(field(,7)) > lim_mag
i & fres(,5) <= 5 & output(,3)/max(fres(,6),10E−15) < 0.3 & (fres(,5) >= 2.2 | f
res(,5) <= 2.4) & fres(,5) <= limz_phot_sup & fres(,5) >= limz_phot_inf));
   
  
   //==== selection to avoid the redsift interval 2.2 − 2.35 and 0−0.13 −−−  Opt
imal Selection
      selection = where((output(,3) < fres(,6) &  str2float(field(,5)) <= lim_ma
g &  str2float(field(,7)) > lim_magi & fres(,5) <= 5. & (fres(,5) < 2.2 | fres(,
5) > 2.4) & fres(,5) > 0.25 & fres(,5) <= limz_phot_sup & fres(,5) >= limz_phot_
inf)
                      | (output(,3) < fres(,6) &  str2float(field(,5)) <= lim_ma
g &  str2float(field(,7)) > lim_magi & fres(,5) <= 5 & output(,3)/max(fres(,6),1
0E−15) <0.3 & (fres(,5) >= 2.2 & fres(,5) <= 2.4) & fres(,5) <= limz_phot_sup & 
fres(,5) >= limz_phot_inf)
               | (output(,3) < fres(,6) &  str2float(field(,5)) <= lim_mag &  st
r2float(field(,7)) > lim_magi & fres(,5) <= 5 & output(,3)/max(fres(,6),10E−15) 
<0.1 & (fres(,5) >= 0.0 & fres(,5) <= 0.25) & fres(,5) <= limz_phot_sup & fres(,
5) >= limz_phot_inf));
    //==== Basic selection
  //  selection = where(output(,3) < fres(,6) &  str2float(field(,5)) <= lim_mag
 & fres(,5) <= 5. & fres(,5) <= limz_phot_sup & fres(,5) >= limz_phot_inf);
   
  //==== selection without chi2 value
  //selection = where( (fres(,4)!=0 & fres(,3)==0 & fres(,5) <= 5. &  str2float(
field(,5)) <= lim_mag & fres(,5) <= limz_phot_sup & fres(,5) >= limz_phot_inf)|(
output(,3) <= fres(,6) &  str2float(field(,5)) <= lim_mag ));
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